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OPERATIONAL LOGIC 

The "logic of the computer" is the interconnection of the electronic 
elements in the computer. The logic will be analyzed in terms of the 
patterns of states which will be developed in these elements, which are 
flip-flops, inverters, buffers and diode gates, 

1. 1 Flip-flops 

A flip-flop is a bistable electronic device; its two possible states are 
designated as on and off. Associated with the flip-flop are two outputs 
called true and false. When the flip-flop is in the "on" state, the true 
output is high and the false output low and conversely when in the off 
state, the true output is low and the false output high. 

The two inputs have designations similar to the respective outputs, 
that is, the input which, when high, causes the true output to become 
high is called the true input and the input which, when high, causes 
the false output to become high is called the false input. 

Two. conditions are necessary to cause a flip-flop to change state. 
First, the proper input must be high and second a clock signal must 
occur. All flip-flops in the computer are synchronized by means of a 
clock and the frequency of the clock signal determines the speed of 
computation. Because of the clock signal, a lag is introduced between 
the time the input becomes high and the time a change in the output is 
effected. Let P denote the time between a given clock signal, Cj, and 
the next, Cj + i y If the logic for a flip-flop that is off is so arranged 
that during P. the true input is high, then the flip-flop is turned on at 
c i+-l-- • 

Once set in a certain state a flip-flop will remain in that state until 
the opposite input becomes high even if the signal which put the flip- 
flop in its original state is removed. A flip-flop, therefore, is some- 
times referred to as a binary memory or storage device. 
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Notationally, a flip-flop A is. represented by 



o 



a = 

a = 



where "A" indicates tkat the two outputs will be designated "A"'. art 

?!AM' and "a" and ". a " represent the true and false inputs respectively. 



1.2 Inverters 



An inverter has a single input, a single output, and, as the name im- 
plies, the latter is the inverse of the former. Unlike a flip-flop, the 
effect of a change in input is instantaneously transferred to the output, 
hence an inverter cannot act as a storage device. 

1. 3 Buffers 

A buffer is exactly analogous to an inverter except that its output is the 
same as its input. Since it introduces no change in the signals already 
present in the computer, the only reasons for its introduction are to 
separate circuits and to serve as a power amplifier. 

1.4 Diode Gates 

The inputs to the elements discussed above are made up of combinations 
of outputs of similar elements. These combinations, formed in diode 
gates, are represented by sentences of the prepositional calculus. 
Each symbol stands for an output whose two possible values, high and 
low, are represented by 1 and respectively. The truth tables for the 
basic operations may now be given. 

1.4. 1 Negation 

Given a signal A, it may be high or low; the table states under what 

condition its negation, not-A, symbolized "A 1 .", will be high and low. 

A A« 

1 

1 

Note that if the true and false outputs of a flip-flop are respectively A 
and A', then the negation of one output is equivalent to the other. 
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1.4.2 Disjunction 

Given two signals A and B, the table states under what conditions of 

A and B the proposition "A or B" will be high and under what conditions 

it will be low. The "or" is here used in the inclusive sense and is 

symbolized by "+". 

A B A+B 

11 1 

1 1 

1 1 



1.4.3 Conjunction 

Given two signals A and B, the table states under what conditions of A 
and B the proposition "A and B" will be high and under what conditions 
it will be low. The "and" is symbolized by placing the two terms side 

by side. \ 

A B AB n A * 

1 , j 
1 o 



Some of the fundamental theorems of the prepositional calculus may 

now be stated. 

Associativity (AB)C = A(BC) = ABC (a) 

I 

Distributivity A(B+C) = AB + AC (b) 

Commutivity AB = BA (a) n 

A+B = B+A (b) 

DeMorgans Law (A+B)» = A'B 1 (a) m 

(AB)* = A'+B T (b) 



VIII 
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1 = A+A' (a) O = AA 1 - (b) IV 

Al = A fa) AO = O (b) V 

A+l = 1 (a) A+O = A (b) VI 

A+A'B - A+B (a) A+AB = A (b) VII 

AA = A (a) 

"A+A = A (b) 
As an example of the construction of diode gates, consider the case in 
which a gate B £ is required having the characteristics of the following 
table. 

A 3 A 2 A l B 2 CaSe 

CSxsfc I 1 1 ' 1 

Z 1 1 2 

3 10 11 3 

^0100 4 

The problem is to construct a combination of the A*s which will be 
high in Cases 2 and 3, and another which will be high in Cases 1 and 4. 
That is s B 2 and B^ respectively. The formal approach is to set each 
of these equal to the disjunction of A signals that are to be true if B 2 
(or B' ) is true plus the negation of A signals that are to be false. 
Hence, ~? Z 

B 2 = A 3 A 2 Ai + A 3 A 2 A 1 + (A^ A-, A x + A^ A £ A« )< 
The right-hand side of the equation is now simplified by applying the 
Theorems stated before. 



^ ~ A 5 



I 
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B 2 - A3 A' z Aj + A 3 A 2 Aj + (A^A^Aj)' (AJ A 2 A|)» fill) 

* A 3 A 2 A'j + A 3 A 2 A x + (A 3 + A 2 + A'jHAj+A^+Al.) (HI) 
B 2 = A 3 A £ A i + A 3 A 2 A l + A 3 A 2 + A 3 A l + A 2 A 3 

+ A£ Aj + A' x A 3 + Aj A 2 + A 3 + A^ (I 8 IVVni) 

* A 2 + A 3 (VII b) 

A similar procedure is employed to derive B 2 . 

The method just outlined has two drawbacks, however; the final equation 
may not be the simplest in terms of the amount of equipment it requires, 
and, if the tables are larger, the method entails a prohibitive amount of 
time. 

A loss formal method consists in directly examining the tables for reg- 
ularities. Thus, in determining B 2 it is evident that the A2 and Ai terms 
are sufficient since the four combinations of Aj and A 2 all occur. B 2 , 
then, may be set equal to A 2 Aj + A 2 A^. But this is equal to A 2 . 
Similarly, an examination will show that 



»i 


s 


A 3 


and, in the case discussed above, 






B2 


* 


A 2 


or B 2 


= 


A 3 


1.5 Number System and Arithmetic 





In order to understand the addition logic of the computer it is helpful to 
have some acquaintance with the characteristics of the binary number 
system. The symbols of this system are and 1; the weight of any 1 
being determined by its position. Starting at the right of a number, 
these weights are 1, Z, 4, 8, 16, etc., that is, 2 " where n is the 
ordinal number of the position with n = 1 at the right end. Thus 
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01001101 = (1x2°) + (OxZ 1 ! + flx2 2 ) + 
(lx2 3 ) + (0x2 4 l< + {0x2 5 } + 
(lx2 6 ) + (0x2 7 ) 

= 1+0+4+8+0+0+64+0 

= 77 



An examination of this weighting scheme will show that the greatest de 
cimal number representable by n binary places is 2 -1. 

Addition of binary numbers, like that of decimal numbers, may be 
carried out serially, digit by digit. At each step in the addition of two 
numbers,/ 1^ and N 29 three digits must be considered: the respective 
digits of Nj and N 2 and the carry which may have resulted from the 
addition in the previous place. The table for determining the sum , S^ 
and the carry, C , in any given place, n, is: 



N l 


N 2 


C n-1 


s 

n 


c 

















1 








1 








1 





1 





1 


1 








1 








1 


1 





1 





1 





1 





1 


1 





1 


1 


1 


1 


1 


1 



Subtraction, in binary, decimal, or any number system, may be per- 
formed in two ways. The first is by constructing a table defining the 
difference corresponding to any two digits in the system and another 
specifying the carries between digit pairs. The second scheme utilizes 



the d^briiiflrs5.s lar additiom btit- changes the subtrahend f© ifa cwmpLsaNOfe 
The complement of a number "A" in a number system with radix R is 
R* - A s where i is the number ©£ digits in the register which holds the 
resnlt. For example, if R » 10, i ~ 3, A ~ 7, then the complement 
of M A M is 1000 -7 - 993. That 993 will operate in addition like -7 may 
he seen fey adding, say, +9 to it. Since 9 ^ +7+2 we may consider the 
+ and - sevens to cancel and +2 to remain which is the case since 
9*3 + 1 = 002. 

,-••■ The carry digit out of the left most place is lost because the register 
has only three places. Construction -of complements requires the in- 
troduction of a partial table of differences for specifying the difference 
between R-l and the remaining digits in the number system. The com- 
plement of a number Aj, represented by as many digits as there are in 
the register, is produced by subtracting each digit of "A" from R-l 
and adding 1 to the least significant place of the result. This 1 must fee 
added since the minuend is R 1 -! rather than R • 

la order to operate correctly on the signs of numbers it is convenient 
to add an extra place to the left-hand end of the register, although,, in 
general, this place need not take on all R values. K a zero is held in 
this place for positive numbers, the complementation process will result 
in an R-l -for negative numbers. If the assumption is made that all com- 
putation remains within the limits of i places exclusive ©£ sign 9 then the 
correctness of the scheme may be seen as follows. If the two numbers 
being added are positive, the i+1 place will always be zero. J£ one is 
negative and one is positive,, lack of a carry into the i+1 place indicates 
that the negative number is larger^ hence, the result in the i+1 place is 
R-l since the result is negative. A carry into the i+1 place indicates 
the positive number is largest and places a zero, (R-l)+l s in that place, 
the carry out of the i+1 place being ignored. Finally, if both numbers are- 
negative* a carry must eventuate if %he number is to stay within the 
hounds of the register, hence, the i+1 place has 

1+(R-1)+(R-1)-R * R-l. 



The initial 1 is the input carry, the final R the output carry. 

Examples in which R<10 and i * 5 will clarify the scheme: 

+87665 x 087665 

-73413 * 926586 

1_ 

014252 * +14252 



+18639 
- 154 



018639 
999845 

1__ 

018485 - +18485 



The system is particularly apt for R = 2, since R-l * 1 8 1-0 = 1 
and 1*1 *= 0. This means that complementation proceeds by changing 
1 to and to 1 and adding one on the right. The following examples 
of subtracting by complementation will illustrate the case of R * 2 
and i * 6: 



+37 
-50 



+100101 
-110010 



0100101 
1001101 

1 









1110011 a 


-(+64-51) = 


-13 


35 


+0100011 


X 


00100011 






10 


1010 




11110101 

1 







00011001 - +25 



1.6 Binary Coded Decimals 

The binary number system may be employed to represent decimal num- 
bers by using four binary digits for each decimal digit., Four must be 
used because it is the smallest n for which 2 n >10. H the normal binary 



system is msed s the following table shows the binary combination cor- 
responding to each, decimal digit; campleraenta. being, used for negatives.. 



1111 

1110 
1101 



etc. 



0000 


5 


0101 


0001 


6 


0110 


0010 


7 


0111 


0011 


8 


1000 


0100 


9 


1001 



Addition mast now be modified in two wayss carries from one group of 
four binary digits must be sensed at: 10 rather than at 16„ and, in the 
event of a carry, the sum must be modified. An example will clarify 

the procedure o 

11 ■' 

763 0111 0110 0011 " 

+158 0001 0101 1000 

1001 1100 101.1 - First Addition : 

921 1001 0010 0001 Correct Sum 

Carries result from the two decimal, additions on the right since both 
numbers are greater than 10, and both of these must be corrected by 
adding 6 (16 - 10). Another method for representing decimal digits 
with binary numbers is the so-called " excess-three" code . This is the 
code employed by the computer. Note' that the rules for complementa- 
tion are valid for this code. 



= 1 

3 
-4 



1101 




1100 


+9 


1011 


+8 


1010 


+7 


1001 


+6 


1000 


t-5 


0111 


+4 


0110 


+3 


0101 


+2 


0100 


+1 


0011 


+0 



•7 

8 

■9 



10 - 



To arrive at the excess-three code from the binary code, add three 
(0011 in binary) to the binary code if the number is positive, subtract 
3 (by adding 1101, the binary complement of 3) if the number is negative. 



Thus +7 


= 0111 




+ 0011 




1010 


while -7 


= 1001 




1101 



0110 

The advantage of the code is that the normal binary carry out of the most 
significant binary digit also serves as the carry between decimal digits. 

Addition and subtraction differ from normal binary addition and sub- 
traction only in that a correction factor must be made on the first sum 
in order to give the true sum. The determination of the correction- 
factor requires the consideration of six cases given by the following 
chart. 



/}^cX -3 



AcU\ 



Numbers 








Being 
Added 


No 
_ Carry 


Carry 




both + 


I 


IV 




bne + 
one 


II ■' 


V 




both - 


III 


1 VI 


. 



CASE I 

Both numbers Xp X 2 are of the form 

X = N + 3 
whore H i» the value of the digit represented. 
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1 „ 1 (O^N* + N 2 ^9 since there is no 

X 2 + N 2 + 3 carryl 



N t + N 2 + 6 

The correction factor is -3, since X3 is required to have the form 

Hj + M- 2 + 3. 

CASE II 

Here X 2 is a negative number and,, therefore,, it is in a complemented 

form, 

16-N 2 -3 = 13-N 2 . 

The addition is in the form 

Xj Nj + 3 



X 2 -N 2 + 13 (^NP'N- since there is no 

carry) 



N l " N 2 + l6 

The correct sum is a negative number with the form 13 + (Nj - N-,) 
so that the correction factor is again -3. 

CASE III 

- X, = 13 - N, 

1 1 (18>Ni + N 2 ^l 1 
' - X, ■ = 13 - N, 1 * 
£__ _ since there is no carry! 



26 - Nj - N 2 

Since N, + N 2 must be larger than 10 8 the correct form of X3 

is 13 - (N 1 + N 2 - 10), so that the correction factor is -3. 

CASE IV 

Before taking up the cases involving a carry, it should be noted that 
when a carry occurs it represents 16 in the binary code, consequently 
16 must be subtracted from the sum. 

X l = "I " (18>N 1 + N 2 ^10 since 



N l 

N 2 


+ 
+ 


3 
3 






IIS 


Nl 


+ 


N 2 


+ 


6 


-16 



*2 "2 there is a carry) 
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Since Nj + Np-10, X 3 should be (Nj + N 2 - 10} +3 and the 
correction factor is +3. 



CASE- V 



X l - Nj + 3 (9>N^N 2 ) 



*2 * U " N 2 



16 + N - M 2 - 16 



X, is a positive number of the form (1^ - N 2 ) +3, so that the cor- 
rection factor is +3. 

CASE VI 

Xj - 13 - Nj (lO^Nj + N^-O since there i» a 

X, = 13 - N, carry) 

2 £ 

26 - (N 2 + N L ) -16 

X-, being a negative number, must be 13 -(N 2 + N^, so that the 
correction is +3. 

Reviewing all six cases, a procedure may now be outlined covering all 
additions in the excess -three code. 

1) Add the two numbers in a purely binary fashion treating any carry 
as a normal "ten" carry. 

2) If a carry occurs add +3 (0011) to the result in (1); if no carry 
occurs subtract 3 (add 1101) to the result in (1), ignoring any carrys 
between decimal digits. 

That the scheme for subtraction by complementation still holds may 
be seen by considering two points. I the complementation procedure 
is applied to the decimal digits individually, each digit is transformed 
into its complement. 



13 



For example 



+4 0111 



+7 1010 



1000 

1 
TOuT 

0101 

1 

■ornr 



Once tke coding ickeme is validated, the invidual coded digits may be 
considered as decimal numbers; the validity of the system for decimals 
was shown above. 

Examples of the complete scheme follow: 



EXAMPLE I 



0011 
1100 

l-*-l 



1346 
109 

0100 

0100 
1100 

«*— 1 



0000 0001 
•Oil 0011 



0110 
0100 

0110 
1011 

— 1 



0010 
0011 



•til 0100 0101 



0111 
0011 

0111 

1100 

- 



1001 
1100 

100l' 



c 



'v;7 0011 



0011 
0011 



1101 
1101 



0110 



1010 



(1) 

Addend (2) a 

Augend 

Carry 



(2) b 



+ 1237 



(I) shows the numbers in excess-three code as the absolute value 
and sign. In (2)a the addend remains unchanged exce pt that , its utJjjgLif,. _. 
codod, while the augend, being negative, is complemented. The carry 
in the right most addition provides the extra "one" in complementation. 
The correction factor is determined by the carry "out" of each decimal 
digit. 
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EXAMPLE II 



( - 673) 
- ( - 102) 


= 




- 1001 
-- 0100 


1010 
0011 


0110 
0101 " 


1100 0110 
-1100<< 1011 r 


oior 

1100 < 


; 1 C 5 

1010 
;1011 


1100 0110 

001 It 01 00 

* 


0101 

0011 




1010 
0100 

1 


1111 1010 
1101 1101 


1000 
1101 


1111 

1101 


1100 0111 


0101 


1100 



(1) 

(2) 
(3) 



-(1000 * 429) 
- 571 



Ett (1) the numbers are shown as absolute value and sign. Both addend 
and augend are transformed into complements in (2). The remaining 
minus sign is accounted for by transforming the augend again and the 
addition proceeds in (3). 
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2.0 ARITHMETIC UNIT 



Figure III is a logical schematic of the Arithmetic Unit showing the 
sequence of operation in the arithmetic channels, 4, 3, 2, 1„ These are 
channels on the magnetic drum so arranged that each integrator is read, 
new information is recorded, and, after a delay of 60 integrators, the 
new information is read. In this manner all sixty integrators are serially 
processed. 

The grouping of the information read from the magnetic drum is indi- 
cated in figure II. This figure shows the information read from the 
drum during integrator 59 and 00 times in the sequence of 38 pulse times 
indicated. At 2 times (pulse times 3, 7, 11, 15, 19, 23, 27, 31, and 
35) the digits of the Y register are read from the drum in channels 4, 
3, 2, 1. , 0., and 0. times are similarly associated with the initial 
condition register (Y.), the R register and the Y D register respectively. 

In figure III, the large squares stand for diode gates with operating 
characteristics given by the equations within the squares. The small 
squares represent vacuum tube circuits; those containing ,£ b" are buf- 
fers, those containing "I" are inverters. All other letters indicate 
flip flops, the true signal being on the right in the direction of the 
arrows. When two inverters are shown together or a buffer with an in- 
verter, the output of the first unit serves as the input to the second unit. 
R , R , R ? , R,, are the read flip flops for channels 4, 3, 2, 1 respec- 
tively, and hold the information shown in the top part of figure II at the 
pulse times indicated, R 4 holding the most significant binary digit ©f . 
each decimal digit. 

The adder proper occupies the upper part of figure III and contains, in 
addition to the excess-three decimal adder, a gate(G6;)for inserting in- 
formation into the arithmetic channels and a gate (G2) for resetting 
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initial conditions. 

The output and overflow signals are developed in the unit as well as the 

activate signals R and R,. 

2. 1 Activate Signals 

One of the advantages of the excess -three code is that at least one binary 
one appears in the code for every decimal digit, that is, 0000 is not 
used. It is, therefore, simple to detect the presence of numerical 
information in the arithmetic channels for the purpose of determining 
that point at which dy inputs are to be added. R g goes on when the 
first digit appears, and remains on through P 36 , the last position of 
the arithmetic channels that is used. 

R e = R 4 + R 3 + ' R 2 
R. is not required in this equation as it will never be true unless at 
least one of the other R's is also true. R* , for electronic reasons, 
is developed rather than R e . 

Four pulse times after R g goes on; R f goes on at the end of the Pound- 
off digit group and, since the output of a flip flop lags its input by one 
clock pulse, R f stays on through P 3? . The »R£» term is included in r £ 
so that r f itself may be used to identify the least significant digit of R 
at the end of the round-off digit group. 

2. 2 First Adder 

The augend input for this adder A 4 - Aj is either the information read 
from the memory channels 4-1 and held in the R flip flops or informa- 
tion from the Fill Unit (figure VIII) coming into G6 on the F lines. A 
signal F , also developed in the Fill Unit, controls which of the two 
sets of information is to be used as an input. The negation of certain 
signals (such as A 2 and A 4 ), rather than the signals themselves, are 
developed throughout the adder for electronic economy. 
The addend input B 4 - Bj is developed in G9. G (from the Fill Unit) 
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is a signal indicating ongoing computation as opposed to idling or filling « 

When R and G are both true, the number held in the L flip flops serves 

e 
as the addend. The logic for these flip flops is in G16. The J lines 

(Address Unit) hold Dy d , Dy, and Dj at 0^ l and 2 times, while U 4 - 
U, at each 0- time hold the new Y D> The logic in G19 determines if 
Y n is entered directly or complemented in the L flip flops. X g signi- 
fies that there is a non-zero dX while X c denotes the sign of dX, X 

s 

for + X' for — . If dX = 0, G16 sets the L flip flops to 0011 at the 
' s 

end of 0, time. With this arrangement of inputs, again recalling that 

the output of a flip flop lags its input by one clock pulse, L 4 - 1^ con- 
tains Dy d , Dy, DI and Y D (dX) in p 0.,, 3 and 4 times respectively. 
Referring to figure II, it can be seen that the contents of the L. flip 
flops are in the proper phase to be added to the contents of the R flip 
flops. 
If either G or R is low, the four signals coming out of G9 are low. 

In this case a 

B' is low . . Bj is high 

B' is low .*. B 2 is high 

B~ is low 

B, is low 
4 

The augend is then 0011, or zero in the excess-three code. In this 
manner the arithmetic information will recirculate unchanged whenever 
there is no ongoing computation. 

G4 contains :the logic for the first parallel binary adder, which adds 
B 4 - B, to A 4 - A x giving the binary sum s 4 - Sj. 

C d C c C h C a C i 
A 4 A 3 A 2 A l 

B 4 B 3 B 2 B l 
s 4 s 3 s 2 s x 
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The first sum term in the binary adder is: 

. s^A^C.+A^Ci+AjB' C.+A-j^C' (I) 

and the carry term is 

C a sA l B l +A l C i +B l C i (II) 

The former is transformed by noting that 

Al B- C| = B« q^+B^C.) 

since 

b' q (A x + b 1 + q, = a^jcj + b x b- q + b x c.q . 

and contradictory terms may be omitted. Applying this to the last three 
disjunctive terms transforms (I) into 

Sl = A^C. + (A 1 + B x + C.) (Bi q + A^ B« + A^ CJ) 

but the last parenthesis is equal to C'^, hence we have 

. lB A 1 B 1 C i + (A 1+ B 1+ C i )C; = A 1 B 1 C i+ A 1 C;+B 1 ^ + C i C; + C i C; fla) 

An examination of G4 will show that, with appropriate subscripts, all 
terms have the form of (la) or ( II ) or their negation. Since the S flip 
flops are employed as delays rather than as memory devices, only one 
input to each is developed as an independent input. The second input 
to each flip flop is derived from the first by means of an inverter, 
causing the outputs to follow the inputs exactly except for the one pulse 
delay inherent in all flip flops. 

C,C ? C^G 4 is a four pulse time delay stepping register which delays C d , 
the output carry from the binary addition, until the next appropriate 
decimal digit. 

C., developed in G5, is the input carry to the least significant binary 
digit. R R f C 4 is the normal input carry term and r f G X g X^ is the 
"1" that must be added in the subtraction by complementation scheme 
outlined above. C 4 is qualified by R f to assure that no carry is entered 
from the previous integrator and by R to assure that no carries are 



- 19 - 

added at P.,.,. X X' indicate that dX = -1 while r, designates the pulse 
37 e s x 

time of the least significant digit of R, and G designates ongoing compu- 
tation. 

2. 3 Second Adder 

The augend for the second adder is held in the S 4 - S, flip flops, the 
addend in T 4 - T,. If the output multiplier is one, M and Mjj will both 
be low and G7 will be controlled solely by C^. The T signals are in 
phase with the S signals (both are one pulse delayed from G4); con- 

sequently the two can be added together. The second adder, as indica- 
ted before, should have -3 for an addend if no carry resulted in the 
first addition, and +3 in the event of a carry. These, in binary form 
are. respectively, 

0011 (Carry: C^ 

1101 (No Carry: C\) 

Ignoring the Pj^terms, which will be explained in connection with the 
output logic, the proper codes occur since 

T, is always low hence 1 ^ is high 

T is high when C is high 

T' is high when T is high, hence T 3 

is high when C is high 
T' 4 is high when C l is high, hence T 4 

is high when C is high 

The second adder is identical with the first except that it has no pro- 
visions for either an output or an input carry. The first carry term 
C has, therefore, the form S^, and when negated becomes S^ + T' r 

The output of the second adder is set up in the U 4 - U^ flip flops two 
pulse times after the original augend appears in the R 4 - R^ flip flops. 

The initial condition reset is accomplished by G2. U is the normally 
high signal indicating that the output of the U 4 - 13 1 flip flops is to be 
recorded on the drum. During initial condition reset,S r is made true 
but only for 3 and 4 times (Q^Qterm of G14 of the Control Unit). 
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Also S r being true causes U r to be false. The information held in U 4 ~U 1 
during 3 and O4 times corresponds to the original augend which appeared 
in R 4 -Rn during 0]^ and 2 times. It can be seen that to transfer the Y. 
number (see figure II) into the Y and Yjl registers, it is only necessary 
to diminish the number of pulse times between read and record by one. 
This is accomplished by by-passing the U^Uj flip flops during reset 
which in effect steps the four arithmetic channels to the right. This is 
done on two successive drum revolutions to allow Yj to reach Y^ as well 
as the Y position. 

S R is also set high to shift the contents of Y into Y D when dX = + 1 (see 
gate 14 of the Control Unit, term O3 X^ G). This corresponds to the 
trapezoidal integration method described 1 in the operation manual. 

During initial condition reset,R n - Rj 4 reset R to the correct round- 
off number in accordance with the output multiplier (G12 of Control UnitK 

2.4 Deter mination of Correction Factor in Second Addition 

At P34 time: 

S 4 - Si holds the first sum of the addition of the last digits of R and 

Y D (dX). 
C 1 '' holds the carry out of the R +Td (^ addition. 

T 4 - Tj holds the correction factor as determined by the output 

multiplier and the carry digit C\. 

M T " indicates an output multiplier of 2. 

M TT indicates an output multiplier of 5. 

2.4.1 Output multiplier = 1 

In this case T 4 - Tj holds the normal factor depending upon the carry 
Ci (0011 or 1101). 

2.4.2 Output Multiplier = 2 

The value of the most significant digit of R, which is held at P33 in R4-R1 

is limited in value to 

0111 (+4) 
0110 (+3) 
0101 (+2) 
0100 (+1) 
0011 ( 0) 
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To this digit is added in the first adder the most significant digit of 
(Y D ;and^;;ii%uttr!ca^^),.#X^- . v ; . : ..-v/v ■ 

The codes which may be added to the most significant digit of R in the 
first adder are: 



1101 


+ 10 


1100 


+ 9 


1011 


+ 8 


1010 


+ 7 


1001 


+ 6 


1000 


+ 5 


0111 


+ 4 


0110 


+ 3 


0101 


+ 2 


0100 


+ 1 


0011 


+ 



1101 


= 


1100 


-1 


1011 


-2 


1010 


-3 


1001 


-4 


1000 


-5 


0111 


-6 


0110 


-7 


0101 


-8 


0100 


= 9 



The result is held in S* - S± and C\ at P34 as is shownin the table on 
the following page. 

The column labeled Cj indicates the carry associated with each sum in 

S 4 - S, . P = S S 4 + S, .S 2 S., generated by G8 and the accompaning 

inverter, is the term which indicates when a single non-zero output 

has occurred for an output multiplier of 2. T 4 - T]^ is shown to hold 

either -8, -3, +3 or +8 to obtain the proper second sum in U^ - Uj as 

shown. Z , the term developed by Gil, indicates that a non-zero dZ 

output would occur if the output multiplier were 1 (see Section 2. 5. 1). 

When the first sum in S. - S, is between +0 and +4 in value s the cor- 

4 1 

reetion term of 1101 or 0011 is the normal one determined by Cj. When 
the first sum is between +5 and +9, a dZ output of +1 occurs and a com- 
pensating 5 must be subtracted from the first sum as well as the excess - 
three subtraction to obtain the proper remainder. When the first sum 
is between -1 and -5 there is a dZ output of -1 and a compensating 5 
as well as a 3 should be added to obtain the proper remainder. When 
the remainder is greater than +9 or less than -5, a dZ output of +2 or 
-2 is called for. Since such outputs are not provided for, Z n serves 
to detect these cases and computation is stopped (see Section 2.7). The 
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0* 



< 



4) 



J"1 



> 

BO 
« 

•o 

a 

4) 

<5 



+14) 
■H3) 
4-12) 
(+11) 
+10) 

+9) 
+8) 
+7) 
+6) 
+5) 

+4) 
+3) 
+2) 
+1} 
+0) 

>4) 
+3) 
+2) 
+1) 
+0) 


















-1) 





-2) 





-3) 





-4) 





-5) 






S4S3 S2S1 



1 

1 

1 









1 



1 





1111 

1110 
110 1 
110 
10 11 

10 10 
10 1 
10 

0111 

110 

10 

11 

10 

1 



1111 

1110 
110 1 
110 

1011 

























-6) 





10 10 





-7) 





10 1 





-8) 





10 





-9) 





111 






T 4 T 3 T 2 T L 



1 1 


(51 





(5| 


1 1 











1 1 











1 1 











1 1 












1 

1 
1 
1 
1 



"0 











1 
1 

1 
1 
1 



1 1 











1 1 











1 1 











1 1 











1 1 








Isl 



-8) 
-8) 

-a) 

-8) 
-8) 

-3) 
-3) 
-3) 
-3) 
-3) 

+3) 
+3) 
+3) 
+3) 
+3) 

+8) 
+8) 
+8) 
+8) 

+8) 





















1 

1 
1 
1 
1 



dZ 

(+2) 
(+2) 

(+2) 
(+2) 

1+2) 

+1 
+1 

+1 
+1 
+1 













-1 
-1 
-1 
-1 
-1 



1 


(-2) 


1 


(-2) 


1 


(-2) 


1 


(-2) 



u 4 u 3 u 2 



35 
Ui 



1 
1 
1 
1 


1 
1 
1 

1 



1 
1 
1 

1 



1 
1 
1 
1 





1 


1 


1 








1 








1 


1 


1 


1 


1 








1 








1 


1 


1 


1 


1 








1 








1 


1 


1 


1 


1 








1 








1 


1 



(+2) 
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The. circled entries in the table under T4 - Tj are those which differ 
from the normal operation of Cj upon the correction term, hi G7 

T'l = P34 *1 P 
and 

T« 3 - T'j + T 2 

so that T. and T 3 are set to these circled states when p is high. 
2.4.3 Output Multiplier = 5 

Here the most significant digit of R is limited to: 

0100 (+1) 
and 

0011 (+0) 

The codes which may be added to the most significant digit of R in the 
first adder are the same as for the multiplier of 2. The following 
table (shown on p. 24) is analogous to. the previous one. 

When the first sum in S* - Sj is either +0 or +1, the correction term 
of 1101 or 0011 is the normal one determined by C\. When the first 
sum is either +2 or +3, a dZ output of +1 occurs and a compensating 2 
should be subtracted from the first sum as well as the excess 3. When 
the first sum is either -1 or -2, a dZ output of -1 occurs and a com- 
pensating 2 as well as a 3 must be added. First sums greater than +3 
and less than -2 are prohibited since they call for multiple dZ outputs. 
If such outputs are indicated, computation is stopped (Section 2.7). 
The circled terms in the table are accounted for in G 7 by the Mjx 
terms of: 

T 2 = Ci + P34 Mil S' 3 G 

T«3 = T'i + T 2 

T' 4 = Cj + P 34 M IT P G 
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t 

-a 

o 



n 

« 

ft 
< 
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> 

to 


2 



3 



(+11) 

(+10) 
(+9) 
(+8) 
(+7) 
(+4) 
(+5) 
(+4) 

(+ 3) 
(+2) 

(+ 1) 
(+0) 

f '(* U 

(*0) 

(- i) 

(- 3) 
(-4) 

r- *) 

(- 7y 
(- 8) 

H (-9) 



c l S4S3S2S1 



1 

1 














1 

1 


















1 

1 
1 
1 
1 
1 







1 1 

1 1 



1 

1 






1 1 

1 1 

1 1 

1 1 





1 1 



1 
1 





1 



1 



1 



1 





10 1 
10 

0111 

110 
1 

0000 

1111 

1110 



1 



1 



1 



1 



p . 






a«f 


^34 








P T 4 T3T2T! 


Zn 


dZ 


u 4 u 3 1 





1 


(+5! 







1 


(+5) 




1 


Q 


(+4) 




1 





(+4) 




1 





(+3) 




1 





(+3) 




1 





(+2) 










(+2) 





35 












1 
1 

1 
1 
1 








1 1 
1 1 



1 

1 







(-5) 
(-5) 

(-3) 
(-3) 

(+3J 
(+3) 

(+5) 
(+5) 












I 

1 

1 

1 
1 
1 
1 
1 
1 



+1 
+1 







,1 
-1 

(-2) 
(-2) 

(-3) 

(-3) 
(-4) 
(-4) 
( = 5) 



1 


1 


1 



1 







1 



1 



1 



1 



(+1) 

1 (+0) 





1 



1 



1 



(+1) 



t+ot 



1+1} 

(+01 
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2.5 Determination of Integrator Output 

The existence of a dX rs indicated by X e being on {see Address Unit for 
dX input to X ). This is a necessary but not a sufficient condition for 
a dZ output, the other conditions being a function of the output multiplier. 

2.5.1 Output Multiplier - 1 

The existence of an output^'. Z, is determined at P 3g time by X g , C^ 

and S 4 (which at this pulse time holds the sign of Y D )„ 



n 



Sect. 1. 6 Case V 


1 


" 1 


1 







X -I: dX positive 
s 


ii iv 


1 


1 





1 






11 II 


1 





1 


1 




S A - 1: Y_. negative 
4 D ° 


" I 


1 















" IV 
ii v 






1 
1 


1 



1 





C-, » 1: carry from 
* R+ (Y D ) (dX 


" I 








1 





- 




" II 











1 






An examination of Gil 


indicates 


that it 


provi 


des for the four case 


which Z = 1. 
n 















addition 



s in 



In addition to the normal output, an output results if the integrand is 
greater than one in absolute value when a dX occurs. This is deter- 
mined by the most significant digit of Y^, Y^s which has its uncor- 
rected new value held in S 4 - S x at P 3g . The form taken by this first 
gum depends upon the sign of dy. (See chart on the following page) 

The columns under M, indicate the state of M d as determined by G.14 
Since appropriate scaling will hold Y^ within +2> Y D ^.-2 9 M d is 
effectively a signal indicating that the integrand is greater than 1 in 
absolute value. 
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R, is required in. the M , term so that M , cannot come true for an in- 
tegrator that is not coded. This prevents R from turning on and initiating 
an automatic reset if I Crt is not coded (see Gil of the Control Unit}. 



dy pos 



dy neg 



Final Sum 


S4S3S2S1 


M d 


S4S3S2S1 


M d 


*4 




1010 


1 


0100 





+3 




1001 





0011 


1 


+2 




1000 


1 


0010 





+ 1 




0111 


1 


0001 


1 







0110 





0000 





-1 




1111 





1001 





-2 




1110 


1 


1000 


1 


-3 




1101 





0111 


1 


-4 




1100 


1 


0110 





-5 




1011 





0101 


1 


2.5.2 


O 


utput Multiplier = 


2 







An examination of the table on page 22 indicates an output of +_ 1 when 
P= 1. ' 

2. 5. 3 Output Multiplier =5 

Here an output occurs when S, = 1 (see table on page 24). 

The output term in G12 is 

dZ = G- + S' A M d ♦ S' A Z + Mj S b + M n S b + S^ S fc 

W 



x i 



Xi 



x P 



S, is a signal developed in the Fill Unit to hold the indication of servo 
operation. For normal integrator outputs with a multipler of 1, Mjj 

and Z must be qualified with S' A signifying that the integrator is not a 
n A. 

servo. Servos will have outputs of the type S A M^ S^jwhere Mj^ 
assures a zero output if the Y register is equal to or greater than one 
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in magnitude (decision integrator operation), and S b is a signal indicating 
that Y D is not zero. 

S is developed in G15 where the fractional digits of Y D that are to be 
recorded are examined during 3 times. If any digit is not zero, U 4 
U U U = 0011, S, is turned on. For output multipliers of 2 and 5, 
S is turned off at the end of P 34 if there is no integrator output; this 
prevents an output from being recorded on the Z line since dZ is quali- 
fied by P 35 (G3 Output Unit) before recording. If not previously turned 
off, S, is reset each time R| is set high. 

The G ! term of dZ is used during idle to recirculate Z line information 
and will be discussed in the section on the Output Unit. 

2. 6 Sign of Output 

The sign of the output is independent of the output multiplier , being a 

function of the sign of dX, X g , and the sign of Y fl , S^ 

S 4 X s dZ s At P 35 time 

110 S 4 = 1 : Y D negative 

10 1 

Oil X = 1 : dX positive 

o dZ S = 1: dZ positive 

An examination of G12 indicates that it provides for the two cases in 

which dZ = 1. The G'X term corresponds to the G 1 term of dZ 

and it also will be discussed more completely in the Output Unit Section. 

2.7 Error Detection 

2.7.1 Multiple Output (gate G13) 

When a multiple output occurs, r D of G13 becomes high as explained 
below. r D high turns on R D which in turn causes R Q (G18) to become 
high. R P x turns Gj off stopping computation (see G13 of Fill Unit). 

2.7.1.1 Output Multiplier = 1 

A double output occurs when both Z r and M d are true at P 35 time. 
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2.7.1.2 Output Multiplier ~ 2 

A double output occurs when both Z and M..S' are true at P, 5 time 
Combining the two above Cases we have 

P 35 Z n (M d + MjSJ,) 

Since Z is independent of X , it may be high even though X^ is high, 

n e e 

therefore (III) above must be qualified by X e (see 2„ 5J. 

The condition of R D is irrelevant in servo operation hence the S^term.- 

G insures that the X term refers to dX since, when G s is high, X is 

e e e 

used to process other information. 

2.7.1.3 Output Multiplier - 5 

A double or triple output is indicated at P~ 4 (see 2„4. 3) by S^ (S^S^ + 
SI S ? ) M JT which is the term appearing in G13„ Note that this term is 
independent of Z and therefore need not be qualified by G X g „ Four or 
fjve outputs are not apt to occur unless the problem scaling is greatly 
in error. 

2, 7. 2 Proscribed Code 

There are sixteen possible combinations of four binary digits. Ten of 
these are employed to represent the ten decimal digits,, the remaining 
six being: 0QQQ 

0001 

0010 

1101 

1110 ' .* 

1111 

Of these, none can appear in the arithmetic channels except 0000, Q17 
detects the presence of any of the remaining five and stops computation 
by turning on R which in turn causes R of G18 to become high as in the 
case of a multiple output error. Although all six of these codes may 
occur, the last three can never be observed in a static condition in the 
arithmetic channels. When +3 is added to each of these last three codes 
in the first adder, during the next iteration cycle after the code occurs, 
a carry results; and, hence, the second adder will also add 3 instead of 
subtracting 3, changing these codes into 0011, 0100, and 0101 respectively. 
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ADDRESS UNIT 



The incremental inputs to each integrator are developed by the address 
unit shdwn in figure IV. The dy counter, Gil, receives inputs from 
the coincidence detector G15. At P37 the completed count is transformed 
as a function of the mode, detected by G12, and transferred to the d ^ 
register by G6. A counting process then transforms the number in the 
dy counter into the excess-three code during P3g and Pj. At the end of 
P this number is read into the dy register by G5. Dj and dx are picked 
up by the d and dx counters (G13 and G14) and, at P. transferred to the 
d and dx registers (G7 and G8). D , D d and D, are then sequenced by 
Gl so as to appear in the addend register of the 1st Adder at the correct 
times. Finally, G16, G17 and G18 serve to clear the address channels. 

In figure II, four address channels (Y 2> Yj, X and I) and four dZ output 
channels (Zj, Zj S , Z and Zj--) are indicated. The section of these 
channels shown in integrator 59 constitute the input information for the 
next integrator, in this case, integrator 00. The pair of read flip flops, 
Z and Z „, hold the outputs of integrators 1, 3, 5, 7 , . . . , 51 s 53 and 
55 at pulse times 6, 7, 8, 9, .... 31, 32 and 33 of integrator 59. Deri- 
ved from Z and Z , Z. and Z, , and the output of the present integrator 
I IS b bs 

(see Output Unit), a pair of flip flops Zj and Z lg hold the outputs of in- 
tegrators 1, 3, 5, 7 55, 57 and 59 at pulse times 7, 8 8 9, 10. .'. . 34, 

35 and 36 of integrator 59. Z, and Zjg also hold four function inputs, 
B., B?, B 3 and B 4 , at pulse times 2, 3, 4 and 5 and the machine in- 
dependent variable (*C) at pulse time 6. Address code pulses in the Yj 
channel in the interval of pulse times 2 through 36 serve to detect the 
outputs held in Z, and Zjg at the times that the code pulses are in the 
Y flip flop. A similar arrangement (using Zjj and Zjjg) gives two flip 
flops, Z2 and Z2s> w kich are examined by code pulses in Y 2 - 

For the X address channel a code pulse in pulse time 1 indicates that 

the dX input will be obtained from Z 2 and Z 2g and no code pulse in 

pulse time 1 indicates that the dX input will be obtained from Zj and Z 1S „ 
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A code pulse in the interval of pulse times 2 through 36 indicates when 
the appropriate source is to be examined. The I address channel oper- 
ates in a similar manner to obtain an input to an initial condition regis- 
ter . 

3. 1 Coincidence Detector (G15) 

Coincidence between Y. and Z, Z lg , indicates a +1 input, while coin- 
cidence between Y and Z Z ' indicates a -1 input. Similarly for Y^ 

■iX Ilk 

It may happen, however, that both Y 1 and Y 2 contain "ones' 1 in the same 

pulse time. In this case a +2 or -2 may be the correct input to the dy 
counter and the correlative +l's or -l's must be suppressed. There- 
fore, each Y. Z. Z. term is qualified by (Y. Z )' = YI + Z« where 
' 1 i is J J J J 

j = 2 if i = 1 and j = 1 if i = 2. 

The P 2/ o 6 term insures that the digit in P 3? of Y 2 (namely, D 2 ) is not 
read as an address because at that time Z 2 and Z 2 g are not necessarily 
low as can be seen from figure II (the information held in Zjj at P^ 
will appear in Z 2 at P37). The P 6 terms in/Kand /l\a re for adder 
operation, the coding for an adder being a one in both Y 2 and Yj at P^. 
If an integrator is being used as an adder, its own output must be 
negated and added to itself as a dy. An integrators own output is in 
Z and Z at P & of the previous integrator, (figure II). The remain- 
ing terms in G15 will be considered in connection with the dy Counter 
in sections 3. 2 and 3. 3. 

3. 2 Dy Counter (Gil ) 

For simplicity in operation, the dy counter employs the excess -six 
binary *coded decimal system. The coding scheme is as follows: 
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(+9) 
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1 
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1 


1 





(+0) 
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1 








1 


(-D 


1 


1 











(-2) 


1 





1 


1 


1 


(-3) 


1 





1 


1 





(=4) 


1 





1 





1 


(-5) 


1 





1 








( = 6) 


1 








1 


1 


(-7) 


1 








1 





(-8) 


1 











1 


(-9) 


1 














(-10) 



Li and Ly provide for discontinuities in crossing between (-1) and (0). 
Normally a carry from the first place may cause carries in subsequent 
places so that AK and /£\ must appear as terms in all subsequent stages. 
The necessity for this may be eliminated, however, by noting that a 
carry out of the first place occurs when 

j/l^ is high and Nj is high 

/\ is high and Nj is low. 

In these casses Nj is changed by y4 K o r t- Kb ut the carry term is handled 
by /Ao r /^A . This is accomplishecTby the Nj terms in ^Z^and X2\ of 
GIST 

At fhe end of P, the counter is reset to +0 (0O11«> by making N'j andiP^ 
high as well asT.fr which in turn causes N3V N J 4 and N' s to become high. 




)me 
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"■ L ±A* S now received, /^2\w ill immediately become high, due to the 
' j/t\ term; /^z\ higb. will immediately cause L7 = N' s N' 4 /-A , P 2/36 
to become high. At the following clock pulse Nj^ becomes high due to 
N', /\ , N' 2 becomes high due to N 2 /\ , and N ! 3 , N 4 and N s becoi 
high due to L-. Thus the y^l\ has caused the +0 to transform to -1 
(11001). Any other input or combination of inputs can be similarly check- 
ed to demonstrate that Gil adds or subtracts in accordance with the above 
table. 

3. 3 Dy and Dyf Registers 

At P, ., D is turned off making D, (in G9) true in P35. This sets the 
D 4 , D 3 , D 2 , D l and Dj/^flip flops to 00110 and the H 4> , H 3 , H 2 , H\ 
flip flops to 0011 at the end of P 35 - By P 37 the dy count has been com- 
pleted and is held, in the excess-six code, in N 4 - Ni with N s holding 
the sign. If the integrator is employing the interpolative mode, the 
extrapolative mode with dX = (E' e high), or the multiplicative mode 
with dX / (E e high), Y l/2 (in G12) is high at P 3? . Figure II shows that 
the different integration modes are coded for in P 37 of Y 1 and Y2 Since 
a right shift of one place in a binary register effectively divides the 
number held by 2, dy , = l/2dy is obtained by a simple shift to the right 
inD. - D i/2' This shift is Drou g ht about by the first term of each 
flip flop input developed in G6; i. e. N' 2 controls di, N' 3 d 2 , N 4 
controls d 3 , etc. The number held in the register after P^ is 
1/2 (N + 6) = 1/2 N+ 3, that is , 1/2 the dy count in the excess-three code. 
If the integrator is employing the extrapolative mode with dX ^ 0, ^^/Z 
(in G12) is high at P 37 and a transformation matrix, G10, is used in 
conjunction with the Y 3 / 2 terms of G6 to transform the number held in 
the N flip flops in the excess -six code to three halves of that number, in 
the exc ess -thr e e code . That is, afte'r*^> 3 " 7 the tJ "ftlpttip s 'TTola^tn' fjie 
excess-three code dy| = 3/2 dy. Also at the end of P 37 the sign of dy 
is transferred directly from N g to D g . 

The table below indicates what the N and D flip flops will hold for all 
possible values of dy and for Y x / 2 or Y 3 / 2 being true. 
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% Jy i 3 


*v 


P 3 D 2 £>j 


D * 




/Vs 
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N 2 N z Nj 




a f o 3 


b z b ± D, /z 





1 1 1 


1 ( 


+4^) 







l l 


1 


(+9) 









1 1 1 





+4) 







l i 





(+8) 









1 1 


1 1 


+3*) 







1 


1 


(+7) 









1 1 


o < 


+3) 







1 





(+6) 


I 1 


(+9) 






1 1 


1 


+2^) 







1 


1 


(+5) 


1 


1 1 (+7 i) 


1 1 





+2) 







1 





(+4) 


1 


1 (+6) 





1 


1 < 


+i i) 










1 


(+3) 


1 


1 1 1 (+4£) 





1 





+1) 













(+2) 


1 


1 (+3) 





1 1 


1 


[+*) 








1 1 


1 


( + 1) 


1 


1 (+l£) 





1 1 





[+0) 








1 1 





(+0) 





1 1 (+0) 




1 


1 


[-£> 




1 





1 


(-1) 


1 


i i i (-ii) 




1 





[-1) 




1 








(-2) 


1 o 


1 (-3) 




1 1 


1 


l-li) 







1 1 


1 


(-3) 


1 


1 (-4£) 


1 


1 1 





(-2) 







1 1 





(-4) 


1 


1 1 ( = 6) 




1 


1 


t-2i) 







1 


1 


(-5) 


1 


1 1 l-7i) 




1 





(-3) 







1 





(-6) 


1 


(=9) 




1 


1 


(-31) 







1 


1 


(-7) 








1 





(-4) 







1 





(-8) 











1 


(-4*) 










1 


(-9) 






1 \ 

t 








[-5) 













(-10) 







At the end of P, 7 , the dy counter starts to count up three if the number 
is negative and down three if the number is positive. This is accom- 
plished by the P,_ and P 3g terms in G15 and effectively transforms the 
number being held in the counter from the excess-six to the excess-three 

code. The L/ and L_ terms are made ineffective during this period by 
o 7 

the P7/3A term, insuring that the above counting process will be binary. 



34 - 



Y N of G3 will be high during Pj if the D 4 - D^ 2 flip flop* are still, is*, the 
00110 configuration. This will result if dy = 8 or if neither Y^ nor 
Y, /2 was high at P,- (this last case corresponds to rectangular mode 
integration or multiplicative mode integration when dX ~ Of, If Y N is 
high G6 sets the D 4 - D x flip flops, at the end of P^ from the corrected 
number that is now held in the N^- Nj_ flip flops. Also at the end of Pj, 
G5 sets this corrected number into the H flip flops and Gil resets the 
N flip flops to zero in the excess -six code. 

At P , then D holds Dy, and H holds Dy 8 and as will be shown below 

I and I hold D,. These are gathered in Gl and timed so a«s to provide 
s e I 

the correct addend for the first adder of the Arithmetic Unit during 

0,, 0, and 3 - First ^ X j 2 m ust be added to the digit in the tcmnd. off 

place of Y D . This is accomplished by the R^ D^ terms of Gl. Since 

either = 0011 or 5 = 1000 is to be added to this digit of Y D , no 

D, , ? term is required for J 3 as it is to remain in either case. 

Since the addition is qualified by the activate signal, R fc , (see G9 of 

the Arithmetic Unit) no addition will actually take place until this 

signal becomes true even though the J's will be holding the addend for 

this addition at every 0. time up until the addition of this digit has been 

made. After the addition involving Dj^ has been made, the rest, of 

DVj is added to Y~ starting at the next 0, time; this is accompli shed by 

the (0. P-,,,/R ) terms of Gl . At the next pulse time, ?s the addition 

4 t/3o e ** 

of Dy to Y is started by the (Oj R f ) terms of Gl. Similarly Dl in added 

to Y T by the (0-, R,) terms of Gl. The information flowing through the J 
buffers of Gl must be one pulse time early with respect to figure 11 
because of the one pulse delay that will be introduced by the L flip flops 
in the Arithmetic Unit. After Dy and Dy d have been added into Y and Y D 
respectively, 2 R f (see G9) will reset the H 4 - Hj_ and the D 4 - D^ ? 
registers. If the. Dy was positive D^ will be high, and consequently 
D will set the two registers to zero in the excess -three code (H 4 - H t 
set to 0011 and D 4 - D } /2 set to 001 10); the registers will now hold this 
zero until the succeeding integrator is to be considered, if the Dy was nega- 
tive, the counter formed the complement of Dy and the registers hold 
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the complements of Dy, 1/2 Dy or 3/2 Dy as the case may be. D g will 
be high at the end of P 3? and D_ will be high for all 2 »s after R f comes 
on. Consequently after the first addition of Dy and Dy d into Y and Y D 
has been completed, D_ resets H 4 - Hj and D 4 - Dj to 1100 (G5 and 
G6); this effectively changes all of the zeros to the left of the first digit 
of Dy and Dy, to nines completing the complementation process. These 
nines are then in turn added to the corresponding digits of Y and Y D in 
the Arithmetic Unit. The H and D registers will be reset from nines 
to zeros by D + coming high at P 35 time, and the dy circuits are ready 
for the next integrator inputs. 

G2 and G4 are simply auxiliary gates used to develop the timing signals 
of Gl. 

3.4 PI Counter and Register (G13 and G7) 

The DI counter consists of two flip flops, V e and V g . V g holds the mag- 
nitude of DI, either 1 or 0, while V g serves the dual purpose of first 
designating which Z flip flops are to^e examined for the DI input and se- 
condly of reading and holding the sign of DI after the Z flip flops have 
been examined. V g is always set off at the end of Pj while V g is turned 
on if a one occurs in P x of I (position marked Sj in figure II) indicating 
that Z and Z ? are to be examined or V g is turned off if a zero occurs 
in this place indicating that Z L and Z^ are to be examined. If in the 
period P/ /.,, there is a coincidence between a one in the I channel and 
Z if V is high or Z 2 if V g is high, V e is turned on indicating a change of 
one increment in Yj. A pulse in Z lg or Z^ indicates that the corres- 
ponding digit in Zj otf Z £ is positive while the absence of a pulse in Z lg 
or Z ? indicates that the corresponding digit in Z^ or Z 2 is negative. 
At the same time Z^ or Z £ is being examined, V g is reset with the sign 
of DI in the following manner: 
1. If V was on Z, is examined. 

a. If there is a coincidence between I and Z^ s V g 
stays on indicating a (+) DI. 

b. If there is a coincidence between I and Z 2g9 V g 
is turned off indicating a (-) DI. 
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2. If V was off (V high) Z, is examined. 

S S AS 

a. If there is a coincidence between I and Z, , V„ is 
turned on indicating a (+) DI. 

b. If there is a coincidence between I and Z\ , V 

.to .§ 

remains off indicating a (■=•) DI„ 
At the end of P,_ the DI register, I I , is set to 00 and at P, of the 

j ( S © A 

next integrator the number being held in V V is read into this register 
by G7. The first time 2 R„ occurs, Gl will present DI,, that is J^ - Jj 

willbe 0011ifDI= 

0100 if DI s +1 

1100 if DI = -1 
At the end of this 2 R, time, if DI = +1, I is turned off so that zeros 
will be added to the successive places of I. In the other two cases no 
change is necessary as zeros will continue to be added in the case of 
DI = and nines will be continued to be added for the complement of 
DI in the case of DI = -1. 

The following table shows the flow of information from Gl through the 
J buffers during various and P times: 
O P 
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etc. . 
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3. 5 DX Counter and Register (G14 and G8) 

The DX counter consists of two flip flops E e and E g . E e . holds the mag« 
nitude of D^ either 1 or 0, while E s serves the multiple purpose of 
first designating which Z flip flops are to be examined for the DX input, 
secondly of reading and holding the sign of DX from the Z line, and lastly 
of picking up any sign reversal pulse that may occur at P 37 (this sign 
reversal pulse, which is designated by R g in figure II, simply reverses 
the state of Ej. E is always set on at the end of P x so that time will 
be the DX input if there is no other DX input coded for. E e is high for 
a DX input of + 1 and low for a fcero DX input. A pulse in the P x position 
of X (designated by S x in figure II) will turn E g off indicating that the DX 
input will come from Z £ and Z 2g while the absence of a pulse indicates 

that Z, and Z, will supply the DX input and E g is turned on. The Z 

lis 

lines are now scanned by G14 and if the DX inputs zero Q e e turns E e 
off. At the same time Z x or Z 2 is being examined for the magnitude of 
DX, E , is reset with the sign of DX in the following manner: 

1. If E s was oniZ lg is examined. 

a. If there is a coincidence between X and Z lg , E g stays on 
indicating a (+) DX. 

b. If there is a coincidence between X and Z' lg , E g is turned 
off indicating a (-) DX. 

2. If E g was off ? (E'g high) Z 2g is examined. 

a. If there is a coincidence between X and Z 2g , E g is turned 
on indicating a (+) DX. 

b. If there is a coincidence between X and Z' 2s , E g remains 
off indicating a (-) DX. 

At P 37 X is examined and if there is a sign reversal pulse^the P37 E' s X 
or the P„ E X term of G14 will reverse the state of the E g flip flop. 

If no DX information is coded P x X'turns E g on which in conjunction with 
E being on as previously pointed out g provides a DX of +1 (+ time). 

The DX register X e and X g (Arithmetic Unit) is always reset to 00 at P 37 
so that it will be ready to read the inputs from G8 at Pj. The dX e 
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input at P, is E e and the dX g input is E g . The remaining terms of G8 

will be explained later as they are concerned with fill and 21 line operations. 

3.6 Clear Terms (G16, G17, and G18) 

C J (see G9 of Fill Unit) is a signal which is low during all integrators 

AD 
if the Clear Complete button is pressed or is low only during J^.i if 

the Clear Address button is pressed. This is used to qualify the four 

address line read signals so as to provide for erasing addresses. 

3.7 Coupler Signals (G19) 

C and C k are signals used when two D-12 computers are coupled toge- 
ther and are discussed in the section on the D-12 coupler. 
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OUTPUT UNIT 

4. 1 Introduction 

The purpose of the Output Unit (figure V) is to store the latest outputs of 

each of the 60 integrators and present these outputs sequentially to the 

Address Unit for use a<s inputs to each integrator in such a manner that 

the output of any integrator is available as an input to any other integrator . 

The outputs are stored in two memory channels, Z and Z g . Each of 

these channels has two read heads, Zj and Z J]; f or the Z channel and 

Z and Z for the Z„ channel,, Figure II indicates the sequence in 
"TS ' '* IIS- S J ■ , , ■ •■'-■■ ^ v. 

which the outputs should be presented to the Address Unit during 1^ Zj 

and Z,c (G3) should present the output of 1^ at P^ s I 5? at P 35 , etc. Z^ 

and Z, c (Gl and G5j> should present the output of I g8 at P^ I 56 at P 35 , 



etc 



4.2 Zj Z ]S Signal Generation |G3) 

Since the operation of the Z channel is exactly duplicated by the Z g channel 
(the Z channel processing the integrator outputs and the Z g channel pro- 
ceasing the sign of these outputs) only the Z channel will be considered in 
detail here. 

The P ,. X dZ term of G3 delayed one pul.se time by the Z, flip flop 

35 e 
records the output of the present integrator, I., at P^ 6 of L. The Zj 

read head is so placed that this output is read and held by the Zj read 

flip flop at P , of I +4 . P 6 / 36 Zj of G3 now picks up this output pulse 

and recirculates it by again placing it in the Z } flip flop, this time at 

P In other words the output of I., which was first recorded on the Z 

34 i 

line at: P,, of L, is again recorded on the Z line at P ;54 of I. +4 , at P 32 

of J i+8 , at P 3Q of I ] + 12 , at P 36 = 2n of I i+4n where n = 0, 1, 2 S . . ,. 14. 

That is, the same output of I. is recorded on the Zj^ line 15 times during 

one iteration cycle, each time appearing two pulse times earlier modulo 

38 with respect to the preceding time of recording. Zj reads this output 

for the 15th time at P 5 of I. +6o *■■ L, and, hence, the P 6/36 Zj. term of G3 
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does not recirculate this output again. However, the computer is now 

operating upon I. for the next iteration cycle, and at P 36 the new output 

of I will be recorded. The Z, channel is then in effect a recirculating 

i l 

delay line whose total delay is 4 x 38 - 2 = 150 pulse times. 

It can be seen then that if P 35 X g dZ and P 6/36 Z J were the only terms 
controlling Zj, that during L the new output of L would be recorded at 
P , while the output of L_ 4 would be re-recorded at P 348 the output of 
I. R re-recorded at P 32 , and so on with the output of I._ 56 being re- 
recorded at P g . All other pulse positions of the Zj line would be void 
of information, and the outputs of only 15 integrators would be available 
for use as inputs to any other integrator. 

In order to make more efficient use of the Z line and to make more in- 
tegrator outputs available, as inputs to any other integrator, Z & and Z fe 
flip flops (G2) are added along with a P 34 Z b term in G3. At the end 

of P , of I , Z picks up the output of I, from Z, and holds this output 

3o i a i a -j 

until the end of P 36 of I. + 1 at which time the contents of Z g m transferred 

to Z, and Z picks up the output of I. + 1 from Z y Z fe is always reset to 

at P . Z , whose function will be explained later in connection with 

Z , receives the content of Z b at the end of P 35 and holds this information 

until it is reset to by the next P 34 pulse. The Z &9 Z^, and Z p flip 

flops, therefore, serve as a stepping chain to hold the outputs of the 

last three integrators. Consequently, Z b holds the output of I. at P J4 

of I. ? . P 34 Z b of G3 picks up this output for recording by Zj at P 35 

of I. . P/ /,/ Z T will now recirculate this output in the same manner 

i+2 6/36 I 

that the original I. output was recirculated, re-recording it every four 

integrator times two pulse times earlier modulo 38 with respect to the 

preceding time of recording. The recirculation of this output of I. that 

originally passed through Z and Z fe will cease after the 15th cycle. The 

14th recording will be made at P g of I. + 54 and this recording will be 

read by Zj at P & of I. +58 ; hence, the 15th recording is at P ? of L + 5g 

and will be read at P 4 of I. +62 = I. +2 which occurs too early in time to 

be recirculated by the P 6/36 Z J term of G3. However, a new output of 
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^delayed again by Z & and Zy,is now ready to be recorded at P 35 of I i+2 - 

It is seen that the P34 Z b and Pfc/36 Z I terms of G3 will re-record dur- 
ing Ii the output of I^ at P 35 , the output of I^fc at P 33 , the output of 
I. 1Q at P,,, and so on with the output of Ii_58 being re-recorded at P7. 
Furthermore, considering all of the information that can now be put in 
the Z line, it is seen that during I i ,Z 1 holds the present output of I ± at 
P,/, the output of l i _ z at P35, the output of 1^4 at P 34 , the output of 1 

I. , at P _, the output of Ii_56 at p 8' and the out P ut of ^-58 at 

i-o 33 

Pw. The outputs of one half of the computers total number of integrators 

are now available as inputs to any other integrator; and since the ad<- 

dresses for I. input are coded in 1^, it can be seen that using only the 

circuitry discussed already that only the outputs from even numbered 

integrators are available as inputs to odd numbered integrators and 

vice versa. A second Z read head, Z , and associated circuitry is 

provided in order to allow the outputs from the remaining 30 integrators, 

and, hence, from all 60 of the computer integrators to be available for 

inputs to any integrator. Operation of Z 2 and Z 2s wi U be explained in 

section 4. 3. 

Xhe PcrTJ term in G3 is the machine independent variable set by a 
switch orTttie control panel. If the Time Switch is set to {+) a pulse is 
recorded by Zj and also by Z lg at P 6 in every integrator (signifying + 
time). If the Time Switch is set to (-) a pulse is recorded by Z x in every 
integrator at P 6 but no pulse is recorded by Z ls (signifying - timef. If 
the Time Switch is set to its middle position no pulses are recorded. 
Since these pulses recorded at P 6 will be read at P 3 , they will not be 
recirculated, but new pulses will be recorded at every P5 as long as the 
Time Switch is set to (+) or (-). 

The P F term is used to fill integrator outputs during gross fill and 

35 e 
is explained in section 7. |. 

The P. 1 * %n term is use d for entering incremental inputs (B 4 , B 3> B 2 
and B, ). These inputs are recorded on the Z line but are not. recircu- 
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latest output of L_ 1 will be held by Z & and the latest output of I._ 3 by Z q 
(section 4. 2), hence, the P 35 Z & and P^ Z q terms of Gl. At P^ time 

of I. , , Z x reads the latest output of I. , ^ d at this time G6 sets this 

i — II i — 3 

output into Z where it is held for one integrator time. Gl picks up the 

contents of Z* at P 33 of L. Hence, during L, Z £ will hold the following 

outputs: I._ 59 at P ?f L_ 5? at P g , L_ 55 at P g . . . . I._ 7 at P^, I._ 5 

at P I atP« and I. , at P,,. Therefore, outputs from all of the 

34' i-3 35 l-l 3o 

integrators of the computer appear at either Zj_ or Z £ during any integrator 



time 



Incremental inputs Bj, B.,, B 3 and B 4 that, if present were recorded by 
Z, at P ? P., P 4 , and P5 respectively of I._ ? will be read by Z n at 
P ,, P _ and P 38 of I._ 1 and P 1 of I. respectively. All of these terms 
except B 1 will be blocked by the P 6/36 Z u term of Gl. Bj will be read 
by Gl at P 36 and transferred to Z £ where it will be held during P 3? . 
The Address Unit, however, only reads Z 2 during P 2 / 3 ^ hence, B x 
appearing in Z 2 at P 3? causes no difficulty. 

The P , Z term of Gl is used for entering incremental, inputs (A., Ay 

x 1/4 u 

A and A.) into the computer. Fottr inputs can be made via Gl and an 

additional four via G3 (section 4. 2). 

The machine independent variable is also set into Z^ at P & by the P g 
term of Gl; however, it is of opposite sign than the time term of G3 as 
is shown by the P 5 @ term of G5 ' 



Figure Via shows a section of the Z line at P 33 time of I 2QS and Figure 
Vlb shows relationships between different Output Unit flip flops during 



^^W 



G8 and G9 are coincidence gates used to enter address pulses during 
automatic fill and will be discussed in section 6.4 . 
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4.4 Idling and Clearing of Z Lines 

A means must be included to prevent the Z lines from losing all infor- 
mation during idling, as during this time no new outputs will be recorded 
while the precessing in the lines continues, causing all information to be 
lost within one iteration cycle after idling starts. It is only necessary 
to make provisions for the same output of L to be re -recorded for the 
sixteenth time with the sixteenth recording taking the place of what 
would have been the new output of I. if computation had continued (see 

section 4. 2). Z T and Z T „ read the output of I. for the fifteenth time at 
1 lt> i 

P of I. 6Q = Ij-, and, hence, the P 6 / 36 terms of G3 will no longer recir- 
culate this output. However, since G' will be true during idle, the P 5 
terms of G8 of the Address Unit will read this output and place it in the 
X and X flip flops of the Arithmetic Unit to be entered into G3 of the 

6 S 

Output Unit at the following P 35 time as the new output of I. (dZ will be 
high during idle, see G12 of Arithmetic Unit). In this way all outputs 
will recirculate during idle and none will be lost. 

The C' terms of G8 of the Address Unit are also used for clearing. 
To clear CL is made false during idle, preventing these terms from 
reading Zj and Z^; and, hence, blocking X e and X g from permitting 
recirculation as discussed above. All Z information will now precess 
right off the lines. C' is developed in G9 of the Fill Unit and may be 
made false for all integrators or for only selected integrators as 
explained in Section 6.8. 
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CONTROL UNIT 
5. 1 Introduction 

The control unit shown in figure VII contains two counters (G17 and G5) 
which specify the integrator and pulse times. The former, called the 
Integrator Counter, has 60 states while the latter, called the Pulse Time 
Counter, has 38. Specific integrator and pulse times are developed 
using combinations of the counter outputs in G16. G2 and G6 serve to 
identify a selected integrator and its immediate predecessor, L and 
I. respectively. The two counters also serve to time information into 
tn~e computer during automatic fill through Gl and G3; this operation will 
be discussed jn connection with the Fill Unit. 

In addition, the Control Unit provides, in Gil, 12, and 14, for the re- 
setting of initial conditions, while G13 develops the output multiplier 
indicators. G7, G8, G9, and G10 serve to provide the trigger, blanking 
and four level sweep signals for the scope display. F. s a signal used 
in conjunction with manual fill, is also developed in G7 and will be 
discussed in the section on the Fill Unit. Finally, G18 develops timing 
signals used in the operation of additional Graph Plotters or a D- 12 
Coupler and is optional equipment on all computers. 

5. 2 Integrator Counter G17 

The integrator counter has two modes of operation depending upon the 
position of the Thirty-Sixty switch. When in the Sixty position Q 
is high, but when in the Thirty position (g)is high changing the logic 
or the most significant digit. Both counting processes are shown below. 



+■ 



K 



is not required far counting integrators, but is used to indicate o 
and even cycles of computation during 30 integrator operation. 
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Most Significant Digit 




*7 


K 6 


K 5 





1 


1 


1 








1 





1 


1 


1 





1 


1 


1 












Value 

00 
10 
20 
30 
40 
50 




K 6 


K 5 


1 


1 











1 



Value 

00 
10 
20 



Least Significant Digit 



K 4 K 3 


K 2 


K l 





1 


1 


1 








1 





1 


1 


1 





1 


1 


1 


1 








1 





1 


1 


1 





1 


1 


1 


1 1 









Value 



1 
2 
3 
4 
5 
6 
7 
8 
9 



It is seen that the first four flip flop stages comprise a counter that 
counts from to 9 in the excess three system, while if fx j is high the 
last three stages comprise a counter that counts from to 5 also in 
the excess three system. The least significant digit stages count P38 
pulses derived from the Pulse Time Counter by Gl6 s while the most 
significant digit stages count K38 pulses (selected P33 pulses — see G17J 



which occur once every cycle of the four L.S.D. stages and at the end 
of that cycle. K^q also serves to reset the four L.S. D. stages from 9 back 
to O.causing these stages to become a decade counter. Hence, the seven 
stages will count from 00 to 59 and then recycle. When K'J is highjK 5 
and K^ count from to 2 while Kj, K2. K3, and K4 count in the same 
manner as before. K ? changes its state once for every complete cycle 
of K 5 and K^, being high on the first cycle of computation and every 
other cycle thereafter. 

5. 3 Pulse Time Counter G5 

The 38 pulse times are indicated by the following configurations of the 
Q flip flops which the logic in G5 produces. 



4 



Q 7 Q 6 Q 5 Q 4 Q 


3 Q, 


2 Ql 


Pulse Time 


Time 


1 

















1 


1 




















2 


1 














I 





3 


2 











1 


1 


1 


4 


3 











1 





1 


5 


4 








1 


1 








6 


1 








1 


1 


1 





7 


2 








1 





1 


1 


8 


3 








1 








1 


9 


4 





1 


1 











10 


1 





1 


1 





1 





11 


2 





1 


1 


1 


1 


1 


12 


3 





1 


1 


1 





1 


13 


4 





1 





1 








14 


1 





1 





1 


1 





15 


2 





1 








1 


1 


16 


3 





1 











1 


17 


4 


1 


1 














18 


1 


1 


1 








1 





19 


2 


1 


1 





1 


1 


1 


20 


3 


1 


1 





1 





1 


21 


4 


1 


1 




1 








22 


1 


1 


1 




1 


1 





23 


2 


1 


1 







1 


1 


24 


3 


1 


1 










1 


25 


4 


1 
















26 


1 


1 










1 





27 


2 


1 







1 


1 


1 


28 


3 


1 







1 





1 


29 


4 


1 








1 








30 


1 


1 








I 


1 





31 


2 


1 











1 


1 


32 


3 


1 














1 


33 


4 


1 1 

















34 


1 


1 1 











1 





35 


2 


1 1 








1 


1 


1 


36 


3 


1 1 








1 





1 


37 


4 


1 








1 








38 


1 


1 

















1 


1 




















2 


1 














1 





3 


2 











1 


1 


1 


4 


3 



Six flip flops suffice for the counter itself* since 2 = 64 > 38. The 
table gives 38 successively different configurations of Q7 — Q2 with 
the 39th configuration being identical with the first; hence, Qy — Q^ 
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constitute an automatic recycling 38 pulse counter. This counting process 
is such that any two consecutive configurations differ at most in one place. 
As will be seen, electronic development of individual pulse times is some- 
what simplified with this type of pulse counter. Qi flip flop follows its 
driver, Q2.1&gg in g by one pulse time and is provided so that the times 
can be easily distinguished. 

5.4 Timing Pulses Gl6 

The pulse times developed in this unit are specific configurations of the 
outputs of the pulse time counter. Pj, P2» p 5> P 6» P 31» P 33* P 35 J P 36» 
p 37>- P 38' P l/4' P 2/36* P 3/38 and P 6/36 are either developed directly 
and supplied with a buffer output or have their inverse developed and 
supplied with an inverter output in Gl6. P 34 is generated by a flip flop 
being turned on with P33 and turned off by its own true output. In addi- 
tion to depending upon the pulse time counter, P 5 , P^ and Pfc/36 also 
depend upon the thirty -sixty switch. 

When in thirty integrator operation, 

P 5 becomes P 2 q 
P^ becomes P21 
P 6/36 becomes P 21/36 . 

These changes during 30 integrator operation effect automatic filling of 
addresses and recirculation of information on the Z lines. See Fig. 47 
of the Operation Manual and the section on automatic filling in this 
Maintenance Manual. 

The four signals, 0j, 2 , O3, and0 4 , which indicate the times at which 
Y , Y, Y. and R respectively are presented to the arithmetic unit for 
computation, are also developed in Gl6. For electronic reasons diode 
gates develop, the inverse of these signals and the signals themselves 
are then obtained by the use of inverters. 

E is a signal derived in this unit to indicate the end of each iteration 
cycle in sixty integrator operation or the end of each even numbered 



? 



iteration cycle in thirty integrator operation. In either case E is a P, Q pulse 

c JO 

appearing once every 60 integrator times. 

Two specific integrator times, 1,-q and Iq,, are also developed in G1.6. These 
times are specific configurations of the outputs of the integrator counter modi- 
fied byfX 1 j which causes these signals to be independent of the state of K_ in 
thirty integrator operation. In other words t during thirty integrator operation 
1,-q can be considered as being I ?c . while I~ 7 remains I 0?J but both signals will 
now appear twice every 60 integrator times. 

P T . and P. ? are timing signals used to select the integrator outputs that are to 
be sent to the graph plotters. The optional unit, G18, develops four more 
integrator times, I-, , I-,,, I_ . and I_/, and four associated signals, P. 1S P A? s 
P -, and P AA that are used if additional graph plotters or a Differential! 
Analyzer Coupler is to be employed. 

X is a signal developed to qualify the loading of the T channel daring readout. 
It is always high during 60 integrator operation but only high for even iteration 
cycles during 30 integrator operations. This signal will be discussed in more 
detail in the Fill and Readout sections. 



5.5 I. , and I. 

l-l l 



G ? is a gate which compares the fourteen outputs of the seven K flip flops with 
fourteen signals from the seven >i relays. The ^ relays are dual coil relays 
located in the desk assembly and controlled through one set of coils during 
manual operations by the integrator selector switch on the console acid through 
the second set of coils during automatic filling by the contacts of the tape reader. 
When all fourteen comparisons are false, I. ', is low s hence L^ is high and will 
refnain high for one complete integrator time. At P„ L „ 1 |G6J is turned 
on and remains on for one integrator time. 

The integrator counter effectively operates one step ahead of the arithmetic 
circuit, but in phase with the address circuits. While the integrator counter 
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reads 03, for example, the addresses for integrator 03 will be operated 
upon by the computer along with the arithmetic part of the preceding inte- 
grator, in this case integrator 02. Therefore, the l QZ term in G16 is deve- 
loped from the 03 configuration of the integrator counter. 

5. 6 Oscilloscope Display 

Two flip flops, S^ and S» , (G10) change state once each revolution at 
the end of I. and are cyclical every four iterations. A bridge electrically 
sums the outputs of these flip flops so as to provide a single signal which 
varies with the changing states of S^ and S p . This signal, S v , provides 
the vertical deflection voltage for the oscilloscope. 

The following list gives the state of the flip flops associated with the four 
sweeps, the bottom state with the bottom sweep, etc. 

S p- S < 



S P 



s 



>«z 



G8 provides the oscilloscope sweep trigger, S T - S T ig Mgh during Lf if 

the display switch is at any of the arithmetic positions I, % D, or R. whereas 
it is high during I. ,, if the display switch is at any of the address positions, 
Al# A x » Al, or A2. S' is sent to the oscilloscope since an amplifier 
within the oscilloscope serves as an inverter. 

Each of the four states of S^ and S~ is associated in G9 with one of the 
arithmetic channels, if the display selector is at an arithmetic position, or 
with one of the Address lines (or the four signal probe), if the display selector 
is at an address position. In addition the T channel, which holds the marker, is 
seen on all four lines if addresses are being filled (this is accomplished by the©T|S 
term of G9). This signal, S D> is then gated with S T in G7 so as to provide 
high signals during the desired integrator only. It is further qualified in 
such a manner that the final result, S c , can be high only during one of the 



■St 



times if the arithmetic channels are being observed. The particular time 
and, hence, the particular information displayed, Y. s Y, Y „ or R, is deter- 
mined by the position of the display selector. If any one of the address channels 
is selected, all four of the address channels are displayed for the particular 
integrator selected. F., also of G7, is used in conjunction with manual filling 
and will be discussed with the Fill Unit. 

5. 7 Multipliers 

The multiplier digits are held in P- g of Yj and Y ', as may be seen from Figure 
II. Being in the address channels, they refer to the following integrator and 
must be held in flip flops during the computation period of that integrator. G13 
provides for this storage and also for decoding. M. and M ? hold the multiplier 
digits while Mj, M^ and M™ read the information held. M = M, M' signifies 
a multiplier of 2, M n = Mjj M^ signifies a multiplier of 5, and M = M, M 2 
signifies that the integrator is coded for typeout control. 

If M,, M,j and M.jj are all false, indicating that there was neither a pulse in 
position P_g of Y, nor position P _ of Y,, the multiplier to be used for the 
following integrator is unity. 

5.8 Initial Gondition Reset 

I. WI1IWI —^— ^ — — — — III II 

The reset operation is controlled by two flip flops, R and R (Gil). The signal 
initiating the operation may originate in one of three places. The first, manual 
reset, results w&en the Insert button is depressed, (making (R-Jhigh), the 
second is automatic when the integrand of integrator I__ exceeds one in absolute 
value, and the third-; R > is associated with the processing of reversible input 
functions. Any of these signals turns R^; on, which in turn sets R on at P,„ of 

v? y 3o 

I CQ . After R has been on for one iteration cycle, R is turned off if the Reset 
oy y z 

button has been released or, if the reset is automatic, when R is off. The 

w 

AI term of ^^ insures that reset will continue until automatic fill has been 
completed in case a reset signal occurred before the completion of a read-in 
operation. After one more cycle R is turned off. R , then, has been on for 

y y 

at least two complete iteration cycles which is the time required for Yjtto step 
through Y to Y-. 
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G14 develops the actual timing signals for the reset, S ff for Y and Y D , and 
R for R, while U r indicates normal operation. Y D and Y are reset as they 
enter the W flip flops in the arithmetic unit, that is, at the end of 3 and 4 
respectively. S r „ then, is high if Qj and R y are high and either Qis high 
(indicating a manual reset) or S A is high (indicating automatic reset initiated 
by the reset integrator). La addition, Y D is reset to Y each time a non-zero 
dX occurs during computation, by the 3 X g G term ot. S^. 

R must be reset during 0^ but only if R g is high. R g is a signal (<G1 of the 
arithmetic unit) indicating that some numerical information has been entered 
into the Y. digit immediately preceding the R digit being processed. Since 
there is a two pulse time delay between the gate forming R ft and the inputs to 
the W flip flops and considering that during the automatic fill operation only 
the Y. digits are filled leaving all other pulse times void of numerical infor- 
mation, it can be seen that the R & signal could not. be used in place of R g . 

R r is further qualified by ((^) + (*C)° S a } - The firSt t6rm indicateS manual 
reset while the second term applies to reset integrator operation during 
automatic reset. R is set automatically only if^)is high, which happens if 
the Read-In switch is in the normal position. Wnen input functions are 
employed, R is not reset. 

If (iT^is high, each R digit must be set to 0011 except for the round-off digits 
which are a function of the output multiplier. The following table indicates 
the round -off digits; the pulse times referring to the timing of the information 

into the W flip flops. 

M Mj Mult. P 35 P 31 Value of R 

1 1000 0011 .50 

1 2 0101 1000 .25 

1 o 5 0100 0011 .10 
1 1 Typeout 0011 0011 .00 

The remaining R digits (entering the W flip flops at the end of pulse times 7, 

11, 15, 19, 23 and 27) are set to 0011. G12 develops these reset values for 

the R registers. 

5.9 T^, F 7 and L z 

TU of Gl, and F„ and L„ of G3 are associated with fill operations and 

are included in the discussion of the Fill Unit. 



FILL UNIT 



6.1 Introduction 



The Fill Unit (figure VIII) provides facilities for entering information 
into the computer either manually or from a punched tape,, Provision is 
included for reversible function tapes as well as for monotonia function 
inputs and initial loading. 

During manual fill the multi-purpose T channel keeps track of the specific 
digit that is in the process of being filled,, & pulse or marker is set up 
in this channel and then shifted to 'the pulse time that corresponds to the 
position of the information that is to be filled,. This marker pulse in the 
T channel is then recorded on the specific channel or channels being filled,, 
and the process is then repeated until all of the desired information is 
filled. The marker pulse is entered and shifted in the T channel by Gl6 
under the control of G12, GI3, and GlU. G10 and Gl$ provide the input 
terms for the arithmetic channels, and G20 provides the input terms for the 
address channels „ 

For automatic filling, information from a tspe reader operating at approxi- 
mately 6 steps or digits per second muot be transferred to the computer which 
is operating at a speed of approximately 100 iterations or 228^000 digits per 
second. A buffer system between the reader and the computer is therefore 
provided in order to satisfactorily accomplish this transfer of information,, 
Besides utilizing various circuits in the computer itself this buffer system 
consists of a commutator type timer, a stepping switch and auxiliary relays. 
The timer first steps the tape reader and theij notifies the computer that 
the next code or digit is available to be read ff The stepping switch advances 
fi><m one position to the next as the reader advances from one code to the 
next. The various positions of the stepping switch are used to indicate to 
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the computer the meaning of the corresponding code on the tape* Electronic 
circuits then read the stepping switch positions and the <yC relays (relays 
excited through the tape reader contacts) and record the information in the 
correct location on the magnetic drum* G7 controls the starting and stopping 
of the automatic fill process. G3 and Q6 provide a special control function 
over G7 during the filling of reversible input functions „ Gl controls the 
direction of the tape reading operation, while Gl* detects the reversals in 
this reading operation. G2 and G£ control the entry of the reader contact 
information into Gl£ to be used as the input to the arithmetic channels. 
Gl8 and GI9 are used to translate the information from the tape that is to 
be entered in the address channels. G8 provides the necessary control over 
initial condition reset after inputs are filled in the Y ± registers. 
The clear terms for the address and Z channels are developed by G9| the 
arithmetic channels are cleared through G10, Gl? has several functions^, 
the normal one being to hold the indication of servo operation,, The 
second terms of Gl? enable % to serve as an indicator showing which 
integrators are to be reset during initial condition reset* The third 
function of G17 occurs during fill when it is used to effectively lengthen the 
-T channel in order that the marker may be advanced to the left. 
6.2 Manual Fill .. 

The number of the integrator to be filled is entered in the Integrator Switch* 
This switch controls the,)/ relays, Figure VIII C. which hold the integrator 
number in the excess-three code* The output of the ^relays determine T ±al 
which in turn determines 1^ (See control unit). 

The marker pulse is inserted at P36 by the (^@ s t © p 36 teTTO of Gl6 
(during gross read-in and gross read-out the marker is inserted at P^ by 
the ^(fij Sj. (G) P-l term)* S,. insures that the marker is inserted at the 



correct integrator time* The marker is recirculated during fill by the 
(ttj)($) T (Gg' t G { )(C?)term. Note that the insertion of a marker will- 
clear the T channel of all other information as the recirculation 
term is qualified by(Mj\ , Depressing the clear button causing/^A to 
become low totally clears the T channel,, 

The marker is moved to the right by being copied from T ,, that is s one 
pulse time earlyj and it is moved to the left by being copied from S. 
one pulse time late. This is accomplished by the f$j Gg G-, ppfl^Y M JV T a i J a l 
term of Gl6 only during fill and during the time both Gg and G-j. are high,, 
J (developed in Glii) is true if the marker right button^ $o)s> is pressed? 
or if any of the decimal keys including the Null Bar, uT\ 9 is pressed when S A 
is true signifying that the DISPLAY switch is at an arithmetic position,, 
It is seen that the marker automatically advances to the right while arith- 
metic information is being filled, but only advances when filling address 
information if the marker right key is pressed. As will be seen later, the 
marker advances four timing positions at a time when the arithmetic channels 
are being filled. The marker is moved to the left manually by the Qt£) switch* 
The M term is used during gross operations and is explained in the discussion 
of gross read out and read in. The Qr) T OT Xi term of G16 is used to load the 
T channel during read out (see Read Out Unit), 

The G-j_ flip flop (G13) is turned on at the end of an interation cycle (E c true) 
whenever Gg is low and K^ (G12) is high, K^ is set high: 

1) during a gross operation (M_ true) 

2) when the Marker Left Button, (Mjj, is pressed 



3) if J (Glii) is high 

EL 

h) during computeUCj is high when the Fill- Idle -Run Switch is in the 
Run position) provided typeouts that are too closely spaced do not 
occur j \V) Tf is an interlock which causes computation to stop<> 
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permitting the read out operation to catch up. 
With G, on, G„ is turned on at the end of the following iteration cycle. 
When a digit is being manually filled into the arithmetic channels , the 
marker, which was inserted at an O3 time (?$£>), is moved to the right four 
positions to the next 3 time. Since the marker pulse can only advance 
one pulse time per iteration cycle; G 2 and G ± must be kept high for, 
k iteration cycles in order, for the advance to the next O3 time* During 

this fill operation Oj_ is turned off by the@G 2 °U X y*V S ^ tefm of 
G13,, The C£ rather than the 0_ signal is used since the content of the T q 
flip flop is one pulse delayed from Gl6. It is seen that during the first 
iteration cycle after G 2 becomes true, the marker pulse will be in T^ 
"at an 2 time and in T Q at an O3 time. Since there is no coincidence 
between T Q and 0^ the G 1 flip flop will remain on and the marker will 
again step one pulse to the right during the next iteration cycle. During 
the cycle where the marker takes 'its fourth step, there will be a coinci- 
dence between T Q and 0^ causing X to go off preventing any further advance- 
ment of the marker pulse. Four iterations are counted in a similiar manner 
if the marker is moved to the left (during the first iteration cycle after 
■ G 2 becomes true, the marker pulse is held in S& at an 0^ time and in T 
at an 0^ time). During thirty integrator operation the T channel does not 
change in lengths and, consequently, 8 iteration cycles corresponding to four 
complete drum cycles are required to correctly move the marker as discussed 
above; X y (see Control Unit) is, therefore, used to qualify this "off" 

term of G-* . 3 

The remaining terms in the ^ equation , are associated with the following 
computer operations? (g) is high when the Fill-Idle-Run switch is in the Idle 
position and acts to turn G x (and hence G, see section 6„3 and Gil) off, 
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stopping computation after one machine cycle,, T f (see Read Out Unit) turns 
0-j, off if a typeout is signaled before a previously signaled typeout is 
completed. (g} is used to one cycle Gg, and G-^ so as to step the marker one 
position at a time during gross operations. Similar ly <» (§^)(j9 causes the 
marker to be stepped one position at a time when addresses are being manually 
'filled. Finally, R P 1 turns G, off stopping computation when an overflow or 
proscribed code occurs in the Arithmetic Unit. 

G 2 follows G-jl off at the end of the next iteration cycle provided M^ (G12) is 
also off at this time. The M^ term of g 2 and the G 2 / term of g^nsure that the 
marker will not continue to step as long as a control button is held downs the 
button must be released turning ^ off, causing G 2 to go off s before G-l can be 
triggered on again. 

During £lll*(jj$) f with G± and G 2 true F (G10) is set on„ permitting new infer- 
mat ion from Gl£ to be filled in to the four arithmetic channel in the place of 
the information coming from the'drum (see Arithmetic Unit,, G6)„ At this time 
F is triggered on by a concincidence of T^ ana F ± . F ± (see Control Unit ? 
G?) depends upon the position of the Display Switch and indicates which 
arithmetic register is being filled. If this switch is s for example/ at the 
Y position, F. is true during C^ so that F Q is true during ? (the correct time 
for entering a digit in the Y register). T al indicates the marker position,, 
and hence* as used in G10 determines which specific Y^ Y<, Y D or R position 
is to be filled. F Q is turned off one pulse time later by the F ^) ^) 
term. The arithmetic channels are also cleared by action of G1D . If the Clear 
Complete Button, (Q) r is pressed F Q comes on and remains on until (6^) is 
released? F Q true blocks recirculation at G6 of the Arithmetic Unit. If the 
Clear Variable Button is pressed,, F is turned on by the 1^ (5^) term 
and off by the F Q (6T) Ij termj F Q being on during I ± causes the four arithme- 
tic channels to be erased during this same integrator time. The remaining 
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tenas of #110 are used during automatic fill and reversible function inputs and 
•Drill be discussed in those sections, Ql$ is a decoding matrix for transform- 
ing the decimal digits from the keyboard into their excess-three code equivalents* 
The terms of Gl£ qualified by A dnd V are used to read the tape during auto- 
matic fill and will be further explained in a later section. 
If address information is being filled, G ± is turned on only by the marker 
left and right keys, g) and @ , and not by any of the decimal keys. 
Consequently, the marker pulse does not automatically advance when addresses 
are being filled or changed, but must always be purposely stepped to the next 
desired position, G^ is turned off after only one iteration cycle by @ (£) <> 
With the marker in the correct position, information is entered into the 
address channels by T (Syg) and analogous terms. The four signals (g) » 
(§i\ , <vj) and (Si) are each "and* combinations formed by interconnecting 
contacts on three Console switches. If Q, (g) >© and(g)are defined 
vs- 3ignals true only when the Scope Display Switch is in the L\l 2s iSL ls 
^Xor /\,I positions respectively, and (l) is defined as true only when 
the I key is pressed down then 

@' - @ ® © 
@ - ©@© 
© - © ©© 
© -© @© 

with (?) indicating the fill position of the Pill-Idle -flun Switch, Similarly,, @ 
being a signal false when the key is pressed down, £y|) - ^5) (J) fe) * etCa 



The Yt (s£) and similar terms are the normal recirculation terms for the four 
address channels ,' (l 2 - Y2 C'aD etc -» see Address Unit), The Y 2 T B and 
similar terms permit recirculation of all pulses with the exception of the 
pulse in the marker pulse position. With the pressing of the key^ 



recirculation via the normal recirculation terras stops j consequently , by 
proper positioning of the marker pulse any single address pulse may be erased* 
The address channels are cleared by CJjj of G9$ (CJ^ causing a complete clear 
while /Cj Jj t^j clears only the address channels of the integrator 
selected, (The j^J 1^ term of G9 concerns automatic fill and will be dis= 
cussed in that section),, 

The T 2F , Tjp, I F and I F terms in G20 are the automatic fill terms -while the 
F g terms are for gross read in. Finally the R Q GP^ term in y^Q acts "to 
identify the integrator in •which a proscribed code or an overflow occurred by 
placing a pulse in P^ of Y 2 in the integrator that immediately follows the 
error. Since the scope display shows the addresses in I-?^ rather than in I* 9 
after the error indicator has been located in the Y 2 channel the display 
switch must be set to an arithmetic position and the integrator selector switch 
turned back two positions to observe the actual error, 

6.3 Compute 

After a problem has been filled into the computer, G true (gate 11) will start 
computation, G - GjGg®^, (^signifies that the Fill~Idle=Run Switch is not 
in the Fill position. Ry (Control Unit Gil) insures that reset is not taking 
place. % and G 2 are caused to go true by G13 together with the (c) T/ term of 
G12 when the switch is in the Run position? J m in G12 turns on the two tt Go" 
flip flops when the key is pressed during Idle (provided the DISPLAY switch 
is set to an arithmetic position), allowing one cycle operation„ Note? If the 
DISPLAY switch is set to an address position, (So will not be true and one 
cycle operation must be initialed by operating either the Marker Left or 
Marker Right key* 
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6«i| Automatic Fill 

Automatic Fill is initiated by setting the Read In Switch to the F position and 
pressing the (T^i push button which is located in the middle of this switeho Gate 7 
shows that (jCN turns Af on energizing a relay driver which in turn activates the / 
^2 relay, shown in Fig. VHI-b. When this relay closes,, the release magnet of the 
clutch controling the Fill Commutator is energized, starting the commutator,, Also 
in series with the release magnet are a push button switch and a toggle switch (to 
permit one cycle operation for test purposes) and a set of normally closed contacts 
of the carriage return relay, C.R. After an integrator has been filled a CR code 
from the tape will indirectly operate the CR relay which will stop the fill commutator 
from turning, thereby stopping the fill operation until the stepping switch has 
completed its cycle and returned to the "home" position indicating that the filling 
of the next integrater is to begin. During all fill operations except Gross Read-In . 
Segment 1 of the fill commutator (Fig. Vlllb) steps both the tape reader and the 
stepping switch one step per rotor revolution. The reader is stepped directly but 
cue stepping switch is operated by the 9 relay which in turn is activated by the 
segment 1 signal through a set of contacts on the Yl relay . The stepping switch is 
not to operate during Gross Read-In and. since fo will no * De activated during a 
Grooa operation the above circuit hookup is used. (The read out commutator is used 
to control Gross Read-Inj consequently, there is a common connection between the two 
conroitators at the tape reader stepping solenoid. The above connection involving 
^V? prevents a "feed-through" of the read out commutator tape reader stepping signal 
from activating the relay and thereby causing the stepping switch to step<>) 

Segments 5 and 6 of the fill, commutator determine the interval during which 
the tap e is read after the new tape position has- been set-up by segment 3U 
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leinaOy these timer segments activate thee?- relay and the contacts of this relay 
supply the activate and control signals required for the reading operation,, 

6Ji*l Carriage Returns 

The first character read from the punched tape is a Carriage Return (see Operation 
Manual, sect,* 1.9.3 Coding). This code is detected fcy the four fingers of the tape 
reader while four associated sets of contacts operate the fotnV- relays (see Fig. 
VIIIc). One set of contacts from eaclto£- relay are inter-connected in such a way 
that a B+ signal, marked C.R. on Figs* VIII b and c, is transmitted to one side 
of the stepping switch home position sensing contacts whenever the tape reader 
reads a Carriage Return code* The Carriage Return relay is energized through this 
sensing contact, and it in turn energizes the stepping switch's automatic stepping 
contact with B+ that is also gated by the home sensing contact* When the armature 
has returned to home position the sensing contact opens, removing voltage from 
hefch the CR relay coil and the auto stepping contact. The CR relay contacts 
return to the NO positions with one set of contacts energizing again the fill 
commutator release magnet, permitting the rotor to turn and start the filling of 
the next integrator. 

6»iu2 Selection of the Integrator to Be Filled 

The next two digits appearing on the tape following the Carriage Return Code repre- 
sent the number of the integrator that is to be filled. The first digit, which is 
the most significant digit, is read and held by relays,y 5 .^ 6 andy?(Fig* VIIIc) 

# 

while the second or least significant digit is read and held by^l,^ 2,V 3,. and 
/ iu Each)/ relay has two coils, one allowing the relay to be controlled by the 

* 

integrator selector switches and the other allowing the relay' to be controlled 
by the automatic fill process as described below. As the reader stepped to ckhte 
code representing the most significant digit of the integrator number., 
the stepping switch advanced to the first position away from home,,, marked 
B in Figure Ylllb. As timer segments 5 and 6 are excited with a ground signal 
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from the rotor, the #?»relay closes supplying B+ to the moving contact of deck h of 
the stepping switch. This B+ signal is transferred through a set of NG contacts on 
each relay to one side of one set of coils on the ){ - } )j[ &i , and H ^ relays . A ground 
signal is applied from the contacts of the tape reader t o the other end of these 
relay coils if the fingers of the reader are reading a hole in the tape The relays 
thus selected then close and an additional ground is applied to the ground end of 
the coils through another set of contacts on each separate relay., in order that a 
ground will remain ever pfter the reader steps to the next position,, The contacts 
of the A relays supplying the B+ signal to the coils are also wired to latch; i„e 
after the relays operate the NO position of the contacts supply B+ from another 
source to the coils. This source of B+ used for latching is derived from a NO set 
of contacts of the 8 relay in series with a set of NC contacts of the CR relay <, 
Hence, during the next Carriage Return the J relay coil circuits are opened and 
thi.! relays are prepared to read the next integrator number» The p relay is connected 
to iollow the Y ? rela y if ' the Read In Switcl1 is in the F (Fill) or M (Monotonia) 
positions. One set of contacts of p also de-activates the coils of the y| relays 
that are controlled by the Integrator Selector switches by removing B+ during the 
automatic fill operation, thereby transferring complete control of the relays to 
the second set of coils. During the next commutator cycle the A\ 3 /Lj, /\ ?3 and 
,)L relays are similarly set up to hold the least significant digit of the integrator 
number; during this time the moving contact of deck It of the s tepping switch is at 
the A position, thereby supplying only those /) relays connected to this contact with 

B+, 

6,Ii.3 Integrand Filling 

With the integrator selected, the sign of the integrand is next copied by V^ (C6 figure 
VIII) with the stepping switch in position h» Note that a space occurs on the tape 
between the integrator number and the sign code. In the sign sensing signal of G5^ 
E3 {&£i) ® * GD is a signal from deck 2 of the stepping switch., CC^) re P resents 
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the code indicating a negative integrand,, and ©is a signal derived from either the 



F or M position of the Read In switch and a set of NO contacts on the a- relay 
signal is always false (see Fig, VIII b) unless: 

1« The moving arm of stepping switch deck 2 is on position k 

2, 77 r»elay is not energized indicating that the tape is not moving in the 

reverse direction,, 
3» cr relay is energized indicating that the rotor is on commutator segments 

5 or 6 and that it is now the correct time to read the tape 
k« CR* relay is not energized indicating No Carriage Return at the present 
time o 

The integrand is now read during stepping switch positions 5 through 13 and placed 
in the correct position on the memory drum by F which is now controlled bv the 
Ty I. (J) term of G10. TV (Control Unit - Gl) is high in O2 times since F is to be 
high during times , the Y^ positions. Each term comprising the T^ signal is 
true for only one Oo time per integrator, see Pulse Time Chart in section 5<>3; the 
following list indicates the sequencing thus cre-ateds 

PULSE TIME OF L 



STEPPING SWITCH POSITION 



u i 
DURING WHICH y_ IS TRUE 

5 35 

6 31 

7 27 

8 '23 

9 19 

10 15 

11 11 

12 7 

13 3 
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The coding used for the various characters on the tape is as follows: 





<^k 


<?&3 


c^2> 


^'i 











1 


1 


1 





1 








2 





1 





1 


3 


to 


1 


1 





h 


(': 


1 


1 


1 


5 


1 











6 


1 








1 


7 


1 





1 





8 


1 





1 


1 


9 


1 


1 








Space 














*No Action 











1 


- 








1 





C.R. 


1 


1 


1 





* 


1 


1 


1 


1 



*Note: No action codes do not appear on manually prepared tapes, 
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F, - F (G35) hold the digits of the integrand if A - V^ ((g) * A f ) is true (G2)-, 
signifying a positive number during automatic fill 8 This accounts for the AZ^TNand 
similar terms of G15> and the V.. term of G2„ If the integrand is negative V is 
true and the V, £ch, and similar terms of Gl£ cause F. - F to hold the "nines" 



complement of the integrand,, The (fP) term of A insures that all of the information 
from the tape will be filled through the A signals of G15 during Gross Read~In 
The digits held by F, - F.. will be transferred to the Arithmetic memory channels by 
G6 of the Arithmetic Unitj this transfer is controlled by F (see above) which 
insures that the information will be correctly placed in the memory channels „ If 
the integrand to be filled does not make use of the maximum capacity of the 
register, it is necessary to reset V_ as soon as the least significant digit has 
been filled* Otherwise the spaces on the tape representing the unused capacity 
of the integrand register will be filled, through G15><, into the four arithmetic 
channels as 1111, a proscribed code in so far as the Arithmetic Unit is concerned,, 
The ?(/- foCpj ^C^ (o?M term °^ ^ recognizes the first space and resets V 
as soon as T^ comes true. Since V , as well as all of the(^~} l 'Sj is now false 
nothing mors will be filled into the arithmetic register,. 



6-Uek Filling of Address Information 

With the integrand enteredj, the address lines of I i=il are cleared when the signal 

from stepping switch position lh goes true (the I ia=1 terra of G° causing C^ to 

go high), Notej, however, that if a carriage return is the lltth character ^ the 

CR relay will close before the commutator reaches the 5th segment <> which is explained 

on page , preventing (^| from becoming true Also in this case the /! relays 

will become de-energized preventing an' I signal j either g| or I ± ^ ± false prevents 

the address channels from clearing at this time, A carriage return at this time 

will also reset V-^ the sign flip flop (p5| signal of G5)„ 

6„U.iul Instruction Codes 

If a carriage return was not received, the type of integrator operation is read 

from the tape at position 15 as shown in the following table. 

Integrator Decimal Equivalent 

of Code 
Operation QU^ (yg Q^ Q^ 

Rectangular Mode 10 (l) 
Interpolative Mode 1 1 (2)" 
Extrapolative Mode Oil (3.) 
Multiplicative Mode 111 (U) 
Adder. 10 (5) 

Servo 110 .(9) 

Referring to Figure II S it is seen that this information will be properly coded 

by the following procedure which is carried out by Gl8 and G20„ 

1. if <Xl, enter a pulse in Y 2 at P37 of I^.j 

2. if oC2 5 enter a pulse in X, at P~, of I^^ 

3. if 0C3, enter a pulse in Y-j. an ^ i Y 2 at P 6 0;f I i-1 
U. if cc h» enter a pulse in I at Py, of I^_ 1 

Case 3 above enters both time and minus time as dy addresses which is the code 
for adder operation and causes the integrator to pick up the negative of its own 
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outpat as one of its dy inputs. The I ±--1 terms of 020 enter the address pulses 
cl > :a8 (I 2 F' Y 1P* %& x f) into the memr y channels at the correct integrator time. 

Similarly for positions [3, 0, and [H the following information is read and 
entered into the X and I channels by the^.]^ and (l|| terms of Gl8„ 

Position Command OCk oO oC2 oQ Typewriter & 

Tape Code 

16 



17 



18 



Normal Operation 





1 








(1) 


Initial Condition 
Reset Coding 





1 





1 


(2) 


Normal Operation 





1 








(1) 


Coding for 

Typeout 





1 





1 


(2) 


Normal Operation 





1 








(1) 


Coding for Ouput . 
Sign Reversal 








1 





(-) 



At position 19, the output muliplier is read from the tape as shown below and 
entered into the I 2 and Y ± address channels by the ^ terras of Ql8.. 



Multiplier 


©a 


OO 


0<2 


©a 


Typewriter & Tape Code 


XI 





l 








(1 > 


X2 





l 





1 


(2) 


J$ 


1 











(5) 


Coding for 
Typeout 
Control 
Integrator 


1 








1 


(6) 


DX Address 













At position 20 a space code appears on the tape and^is true for the first time 
(see Figure Vlllb). pj] will be true at positions 20, 23, 26, 29, 32, 35^ 38, 1*1, 
Uli, and U7. Qvill be true at positions 21, -2U, 27, 30,33,- 36, 39, U2, 1*5 and 1*8. 
ng will be true at positions 22 and 25. Qwill be true at positions 28, 31, 
3U, 37, U0, 1*3, 1*6 and 1*9. The gjsignal turns off V x of 05, if it was on, and 
clears the Z line by setting C z high (09). The most significant digit of the dx 
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address occurs at position 21. If this digit is a nine, signifying time as the 
address, 7 ± is turned on by the FjfiJ) 65) terra of G£ with Fj being developed 
as Wj\ ?^q in G19. At position 22 the H] Pg^ term of Gl8 enters time as a dx 
address. Also, the [22] P x R^ term records a pulse at T-^ in the X channel if minus 
time is the address. At position 22, for time as the dx address, the tape reader 
reads for plus time or 1 for minus time. The V^j^Ojterm of G8 turns R^ 
on if time is minus and the indication of negative time gets recorded as indicated 
above. Position 23 will be an W^ signal causing V^ and R^ to reset and clearing 
the Z line again. 

Normally, however, the dx input will not be time, and in this case the most sig- 
nificant digit of the dx address will be held in^ <=< 2 °^i du *°ing the 21st commu- 
tator cycle,, (see sec. 5.2 for the code used). Fj in G3 of the Control Unit com- 
pares the states ofoC„ ©• andc*= with the three most significant digits of the 

^_3> 2 > ■ X > that 

X counter. Th^TfeC^'term of F» assures A F z will be false if time is the input. 
•Therefore, F z is true for the ten integrator times corresponding to the most sig- 
nificant digit of the dx input. IFT1 indicates that the most significant digit of 
art address is being processed. When both |Fj] and F z are true s the Fj F z term in 
the dx e equation (G8 in the Address Unit) turns the X e flip flop of the Arithme- 
tic Unit* on at the end of the next P^q time. That is, since the K counter holds 
I 1-1 instead of I*, X e will be turned on at the beginning of P^ of I ± With X & 

staying on through P ^, I.-~ acts as if it has an output and causes a one to be re= - 

35 ■ 

corded on the Z x line (G3 of Output Unit). During fill G« (Gil) is high| hence, 
*dz of G12 of the Arithmetic Unit is high, permitting the P^ X e 'dz term of G3 of 
the Output Unit to record the one. Hence, during the 21st commutator cycle 10 
integrator outputs will be recorded and recirculated in the Z^ memory line, one 
for each of the ten integrators corresponding- to the most significant digit of the 
dx input. These outputs will appear on the Z-^ line as shown in Fig p II for any 
ten integrators possessing the same most significant digits during any one inte- 
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grator time five of these outputs will appear in Z-^ and five in Z 2 » The least 
significant digit is similarly processed during position 22„ In this case G19 
develops a signal F - pH F^q if a dx or dl input is being processed or Fp s [ig P33 
'if a dy input is being processed. The binary digits held inoc^ 0/3 o^> and 
^T are compared with the least significant digits of the K counter in \ (G3 of 
the Control Unit). L_ is, therefore, true for the six integrator times that have 
the same least significant digit. The F_,I^ term of G8 of the Address Unit sets 

X high for these six integrators which in turn sets da s high (G12 of the Arithme- 

s ,kJ 

tic Unit) as G' is true during fill. Consequently, 6 "integrator outputs" are 
recorded on the -8, line (G3 of Output Unit)| these outputs will appear in the 
Z, line as shown in Fig II for outputs of integrators possessing the same least 
significant digit (i.e. 6 pulses with one pulse appearing in every fifth pulse 
position). During any one integrator time these 6 pulses will appear at both %i % 

One of the Z lines now holds "ones" in the positions which correspond to those 
integrators having the same most significant digit as the address being filled, 
while the other Z line holds "ones" in all positions corresponding to the least 
significant digit. The next procedure is to insert a one in the X address line 
of the integrator being filled in the pulse position in which a coincidence jaccurs 
between the two lines as this is the position on the Z lines where the output of 
the integrator that is to serve as the dx input to the integrator being filled 
(l ± ) will appear during Ii-1 in normal computation. The above mentioned coinci= 
dence may occur either between Z-, and 2-, or between Z~ and Z_ and is detected 
in" G8 or G9 of the Output Unit as 2„^ r Zp.90 This coincidence will occur at 
position 22 of the Stepping Switch for the dx address and is entered into the X 
channel by the plj (Zp-, % + Z F 2>) term of Gl8 in conjunction with the I^-l X F term 
of G20, If the coincidence Z F2 occurred, R„ is turned on by the jO-Zpg *i=l term 
of G8. The P n R [22] term of Gl8 now records a one in the X channel at P-t time 

J. W ' ■ •*• 
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indicating that the 2 2 and «2s li* 1 ® 3 instead of the Z-j_ and Z^s lines are to be 
read for determining the dx input. If time is the dx input this pulse at P-^ 
time in X indicates that minus time is to be used. 

6.U.U.3 DI Address: 



After each address has been filled, the next position on the Stepping Switch sets 
pL] high, clearing the Z lines and turning V-j_ and ^ off „ The next address which 
comes up in positions 2l\. and 25> is the dl address and its loading is exactly similar 
to the loading of the dx address „ I pulses are entered in the memory by the J2|J 
term of G18. 

6.U.U.U DY Addresses 

The dY addryss pulses are filled in next in a similar manner. Since two Y address 
lines are employed no code signal is needed in P^ as is required in the X and I 
lines to determine which Z line (Z-. or Zp) to examine for the inputo Yp always 
examines Z and Y-, always examines Z, for dY inputs. The most significant digit 
is again filled during an Wl time, but the least significant digit is now filled 
during an titt time (Fig. Vlllb), After the coincidence between the most signifi= 
cant digit positions in Z-. or Zg and the least significant digit positions in %j s 
or -2-p is made and indicated by either -Zp^. or Zoos the correct address pulse is 
filled by Gl8 also during the [Fyl time (indicated by the pyl Z F 2 term of Yp-p and the 
fOiL- term of Y-jj,). If a dY input is to be time a nine will be coded as the most 
significant digit causing V-^ ^° ^° e turned on as explained above under the dx input 
discussion. The codes for the least significant digits of time are as follows s 

EXCESS THREE CODE DECIMAL EQUIVALENT 

Plus Time .0011 

Minus Time 010 1 

Therefore, if plus time is the input both V_ andK^Ywill be high during [Fyl and this 
term will then fill a pulse into ~the Y, Une at Pg Ij^i (Glo* and G20)<> If minus time 
is the input V, and^TVill be high during O entering a* pulse into the Y 2 line at 

P 6 I i-1- 
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6.5 Filling During 30 Integrator Operation 

The filling operation is the same during thirty integrator operation,. However 9 
?, now becomes P 21 and the recirculation terms of the Z lines are changed from 
"P&t-iA ^° P ?i/-*A ^ see Gl ^ °^ C ontr °l Unit and Fig c hi of the Operation Manual) „ 

6.6 Termination of Filling 

After the last address for a particular integrator has been filled^ a carriage 
return code is read which activates the C. R. relay 9 advancing the Stepping Switch 
to "home" or zero position and preparing the ^/j relays to receive the next inte- 
grator number. After the last integrator has been filled^ a P erioci ^^))^3^^^l)> 
occurs which turns A- off (G7), de-energizing the}^ relay and stopping the fill 
commutator ending the fill operation. This off term of A„ is qualified by(N)indi.= 
eating that the computer is set for problem filling or monotonia function input 
operation by the setting to the F or M position of the Console Read-In Switch 
(^f)«= $G){§^« Tnis of*" "term of A is further qualified by VI which prevents Af 
from going off until the Stepping Switch has made at least one complete cycle. 
Before the start of automatic fill A' is high, consequently s Vj of G6 is true. 
However, V, will be turned off either the first or 2nd timefjfj comes high depending 
upon the initial state of Vo, and it will remain off during the rest of the fill 
operation permitting the A^ "period* off signal to operate as desired 

The fill process can be stopped at any time by pressing the reset button on the 
Console, This makes (CoNtrue which turns A^ off stopping the commutator and resets 
Tj to the true condition while V^ and B^ are reset to the false state. 

After the tape has been read all integrands appear only in the Y^ register Before 
computation can start the Insert Button must be pressed causing /Rj\to become true 9 
which in turn transfers the integrant to the T and Tq registers and inserts the 
roundoff number in the R register as explained in Section 2 3 /Rj\als© clears the 
2 lines of any information that may still remain following the final filling of 
address codes (G9), The machine is now ready for computation which may be initiated 
by setting the Fill-ldle-Run Switch to the Run position. 
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6.7 Function Input 
6.7.1 Monotonio 

Monotonic function input tapes are coded as described in Section 2.9.1 of the 
Operation Manual. The values of the integrands contained on the tape are 
entered into the" computer into the Y^ register in the same manner and using 
the same circuits as described in section 6.I4. for automatic fill,, The Read In 
Switch is set on M making signal (R^ true. The signal that ends the initial 
conditions reset process,, R^Ry (Section £.8 and Gil of Control Unit), turns 
Af on to start the filling process (G7). After the first point of the indepen- 
dent variable has been entered, the period on the tape causes Aj> to turn off 
as previously explained. At the end of the next reset the process is repeated 
by again turning on Ay. If a reset signal occurs before the completion of the 
previous read-in operation, R z (Gil of the Control Unit) will not go off as A f 
is still true. Consequently, reset will continue until the previous read-in 
is complete and A f is turned off j this will then permit R z to go off. After R55 
goes off Af will go on again at the next E c pulse and read in the next function 
value? also at this time Ry will be turned off again and Gil of the Control 
Unit is ready to accept the next reset signal. 

During automatic reset the integrands held in Y-^ will be transferred to the 
Y and Yfe registers in only those integrators that are coded for reset with a 
pulse at P38 in their I address. This P_g address pulse is read at the follow- 
ing P 1 time at the I record flip flop (I is one pulse time delayed from the 
I read flip flop) if the reset signal, R^, is true. If the integrator is 
so coded, S A (G17) will be turned on at P^ time and off again at ?^$ but if 
the integrator is not coded for reset, and R is true s S A will be turned off 
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at P L time by the @ I ' ?i Ry term of G17. Although S A is the flip flop 
•used to hold the indication of servo operation, the above additional functions 
of this flip flop do not interfere with its normal operation as computation 
is always stoppped during reset by the R signal liiillo The reset signal, S^ 
(OIU Control Unit), is qualified by S A for automatic operation} hence, only 
those integrators so coded get reset, 

6.7.2 Reversible 

Reversible function inputs require considerable additional! controls and 
circuitry than do monotonic function inputs. Also due to the nature of the 
read-in process only one integrator may receive function values from the 
tape, and this integrator has been permanently selected as integrator 02. 
With this type of input, by definition, the function controlling the tape 
read-in can go both positive and negative causing the tape reader to step for- 
ward and backward in accordance. 

In both the monotonic and the reversible function read in process it is desired 

that computation not be held up while filling is going on any longer than is 

absolutely necessary. This is accomplished in the monotonic caws by filling 

the n +1 st integrator values into the T register and having the reader ready to 

road the S+2 nd values immediately after the nth values have been inserted into 

the I and T registers. When the n+lst values are called fcr s computation will 

only have to be stopped for two iteration cycles (Gil of Control Unit) in 

order for the insertion of the new values into the computation registers 

to be made. Computation is stopped during this inserting process by Gil 

(R will be true hence G will be off. see Section 6.3 )» The situation is 
v 7 

a little different in the reversible function input case, although once a 
reversal has taken place the flow of information is to be the same as in 
the monotonic case. Let n-3, n-2, n-1, n, n+1, n*2 and n+*3 be consecutive 
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values on the tape and consider the case when the nth value of a forward moving 
tape is in the Y register at the time a reversal signal occurs,, Also at this 
time n+1 is in the Y; register, and the reader is ready to read the next 
tape value s n+2 a When the reversal occurs the Y and Y^ registers are to hold 
n-Xj, the Y register should hold n-2 and the reader should be ready to read 
n— 3« The reader mustj therefore^ immediately step four increments in the 
reverse direction in order to get the correct values into Y ? Y D and Y i regis- 
ters. Prom this point on, the tape is to proceed one step at a time in the 
normal manner until the next reversal signal is received s when the reader must 
again change direction and immediately step through four values on the tape to 
get the correct values into the arithmetic registers. During this above 
mentioned stepping, computation must remain off in order to give the tape 
mechanism a chance to "catch up M to the computer „ 

For the information contained on a reversible function input tape see sections 
2.9.2 and 2.9.3 of the Operation Manual. This tape is set into the reader at 
a carriage return code and the Insert Button is pushed turning on R (Gil Con- 
trol Unit). The (R~^R^ E c \ term of G7 turns on the A f flip flop starting 
the reader to begin stepping in the same manner as for Monotonic functions 
(see Sect. 6.5.1) « After the initial value is read into Y„ , the carriage 
return code on the tape turns A„ off stopping the reader \mh JCRJ Vjj, J 4 term 
of G7,(5j) being a signal developed from the Read-In Switch and only true when 
that switch is in the R position). The Insert Button is again pressed at this 
time transferring this initial value into the Y and Y D registers as well as 
again turning A™ on and reading the next value from the tape into Y^„ The tape 
again stops on the next carriage return and the computer is ready to start 
computation. 

It will now be assumed that the tape has been moving in the forward direction 
and will continue to do so until at least one more value has been read from the 
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tape into the computer. When the tape control function in the 1^ register of 
I-o becomes one or greater this integrator will have an output.,, and this output,, 
Kj (GlU Arithmetic Unit), will start an automatic reset operation (Gil Control 
Unit), A f also goes on as in manual reset, and the next value is read into the 
Y. register. After one value from the tape has been read the (Nj) [C^VgV^ term 
of G7 again turns Af off stopping the operation. Here again 9 if a reset signal 
occurs before the function value has been read in y the ongoing read in must be 
completed before the A f flip flop will go off % then A f is turned on again as 
described in Sect. 6.5.1» 

If the integrand of integrator 59 now goes negative, W^ wiUbe high at. ^%%y° 
Figure II shows that \ 9 the sign of the integrand,, is read in the R flip flops 
at P^time and, consequently, in the W flip flops three pulse times later. Since 
(nj) is always true during Reversible Function Input operation (see above) and T^ 
is true if the tape has been moving in the forward direction,, % of Gk will now 
be true at E - Pjgl^time. E^ will now turn \ on (08). With R^ on and % 
still off, the tape direction control flip flop, T d , is turned off (Gl) < 
indicating that the tape is now to be run in the reverse direction,, G21 is 
simply a gate used to develope the R w Aj. signal and supply the output with a 
power amplifier as the signal is to be used in several locations, T^ energises 
a relay driver which closes the iT relay of FigureVIIIb. This relay has two 
functions one of which is to operate the tape reverse solenoid on the tape 
reader to mechanically permit the reader to step in the reverse direction. 
The second function of the fT relay is also concerned with Reversible Function 
Inputs but will be covered a little later in this discussion. This R^ signal 
also* turns Af on (G7) starting the Stepping Switch and Tape Reader to step, and 
at this time the \@ term of Gil of the Control Unit turns on R^ thereby 

starting the reset operation. V 2 , ^ and *v now serve as a counter to COTmt the 
number of Stepping Switch cycles and hence the number of values read from the 
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tape,, The tape will keep stepping even after the first value is read since 
the normal- off term during Reversible Function Input operation is qualified by 
V^ and ?i (G7) m& Vg is now trae^ being turned on by \&j> ( G3 ) <, With the 
jf relay energized, that is T^ true s the sequencing of the first few stepping 
switch signals are reversed and now appear in this order JL2| <> [l]} 9 yLOj g fT\ a I 8 
jT]s»[6jc, and [£; (see Figure VHIb Stepping Switch decks numbers I and II 
together with the Rotary Switch) „ The reason for this reversing will be 
explained later in this section* 



. Since T^ is true^ the ? ? T d L£l terra of G8 wil1 turn V off duriri g the first cycle 
of the stepping switch* [jQ now occurs after \6\g, hence,,, the R^. {6} terra of G3 . 
will not turn ?2 °^ until the second stepping switch cycle,, The ??T(j|7| term of 
G6 is to turn V-j off, and it cannot occur until -the third stepping switch cycle* 
The carriage return signal occurring after the third cycle, that is after both 
¥2 and Vo have been turned off s will now reset Aj. to the off condition,, As A^ 
goes off R s of the Control Unit goes off $ and 9 hence,, E c will again turn A^ on 
causing the stepping switch to start its fourth cycle and the reader to enter 
the fourth function value into T.^ a Alp also turns V^ back to the on condition 
(G6)j but since ?g remains off,, V-^ will be turned off again during this fourth 
cycle of the stepping switch* Hence s before the reader gets to the next carri- 
u> age return both V^ and Vj will be simultaneously true, permitting the ensuing 
|GK signal, to again turn A„ off. The reader will now step over just one 
function value each time I^ 9 has a negative output^ just as it was reading only 
one value on the tape for each positive output of I[-qo. 

If after the tape has been stepping in the reverse direction the integrand of 
l^q goes; positive^ the direction of tape travel must be changed to the forward 
direction again,, In this case the sign digit s Y 9 of l^a will change from nine 
to zero, hence, W/ goes from true to false at P^g I^o „ A reversal to the 
normal direction is therefore signaled by u$y TjW/ in Gko This expression is 
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further qualified by S^,, a signal indicating that Y D lm not zero (Sect,, 2.S.3}., 
for the following reason. The normal procedure is to set 1^ to sero at each 
reset signatlLj but the sign of zrero is positive and if the tape drive is in the 
negative position, a reversal would occur on the first cycle of computation. 
Therefore, it is necessary to discount the zero positions, and this is accomp- 
lished by the & term. Now E^ will turn on R w and the combination R W A| 
is true again. This time, however, R^, turns T d on (Gl)„ Reset is started;, 
and A* and V 2 are turned on as before during the previous reversal. However,, 
since T d is now true causing the taps to step in the forward direct ion s the 
stepping switch signals will become true in correct numerical order ? i.e. |£J S 
Q, .... H.. Rw is now turned off by V^Qj V 2 is turned off the following 
stepping switch cycle by R w 0? and V- is turned off during the third stepping 
switch cycle by V' T d GD . A f *«<* R z sre turned off as during the previous 
reversal, and then A\_ is turned on again this time by the f^) R ^ E c R y terra. 
After the next value has been read the carriage return signal turns A f off s 
stopping the read in process until the next reset signal is received* It is 
seen that during this last reversal the reader stepped over four different 
function values from the tape as before and as required as explained above. 
The reader will now proceed in the normal manner entering only one function 
value each time I^o has a positive output until the next reversal signal is 
received. 

When the tape reader is stepping in the reverse direction, the first decimal 
digit, that is read from the tape is the least rather than the most significant 
digit. This digit, therefore, must be placed at a different pulse position 
within the integrator depending upon the number of digits comprising this inte- 
grand. The DIGITS switch, shown in Figure VlUb, must previously be set to the 
number corresponding to the number of digits of the integrand appearing to the 
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right of the decimal, point s exclusive or the round-off digit „ The following 
chart shows the repositioning that takes place,, 
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Electrically this change over is effected by transferring ground from the 
2nd pole of the stepping switch to the 3rd pole^. by means of the second set of 
contacts of the if relay (see Figure Vlllb,) The operation of theff relay is 
covered earlier in this section,, Now,* depending upon the position of the 
DIGITS switch,, the lines carrying the position signals Qjj through Q2| are 
switched to new points on the stepping switch,, as shown in the figure „. 

If a reversal or a read in signal occurs during the reading in of a function., 
R is turned onj however,, as has been shown^, it is ineffective until A f goes 
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off • The normal reversal or read in procedure takes place again as soon as 

A goes off with R A« turning A„ on again at the next clock pulse, 
f w f •"• 

The tape reader can be stopped at any time by pressing the Reset button on 
the Console. This makes/C"^\ true resetting kf to off which in turn resets 



V3 to on, (Go) * lso resets T^ to on and R^. to off, thereby returning all of 
the circuits used to their initial conditions. 

During tape reading while in Reversible Function Input operations * ne infor- 
mation from the tape is entered into the computer in the normal manner through 
Ql$ under the time control of F Q of G10 (see Section 6<,!*). The controlling 
term of F now is T. L| 2 ffi) permitting information to be filled into only 
integrator 02 during this type of computer operation. 

6.8 Gross Read In 

For a complete discussion of Gross Read In see. Section 7.5 in the chapter on 
the Read Out Unit. The F terms of G20 in the Fill Unit are for the purpose 
of entering address information during Gross Read In, The arithmetic infor- 
mation during this process is entered also via Gl5 under the control of A„ 
G2„ and F of G10. The (oP) V{ term (A«V|A f ■»/G)V ] [ l ) is now the effective term 
of G2 and T a i G i G 2(^) F i is the eff ective term controlling F . ($) must be 
true during Gross Read In as will be seen later. 

6.9 Servo Indication 

The primary purpose of S». is to hold the indication of servo opera^SSfi. 
Figure II shows that servo integrators are coded with a pulse at P,~ in the 
I channel. This pulse will be in the I channel record flip flop* I Q , at P,g 
time, and hence, is detected by the (§y P,g I term of G17. S^ will be 
turned off by the following P37 pulse, (jfi) is a signal signifying that the 
Fill-Idle-Run switch is not in the Fill position, S^ is used for servo 
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operation as- described in Section 2„5>.3. 

6,10 Clearing of g_jLines 

The Z lines are manually cleared through G9 by the Clear Complete switch signalp 
/ G\ I as described in Section luU (operating this switch causes ^6^ to go high 
and 1 hence Cl to go lew)* (tQ) also clears the address lines through Q9 as 
previously discussed in Section 6.2 „ TheR^pfc term of G9 is for selective 
clearing of the Z lines after initial conditions have been automatically 
reset in those problems where these values are automatically varied in accord- 
ance with results obtained during computation. Typical problems of this type 
would be those involving split boundary conditions. The fi^S signal is one 
from the Read In switch and is true only when that switch is in the N (normal) 
position. S. is true only during those integrators coded for automatic 
reset (see Section 6»~7.l)| hence, % will be true 9 C| will be false,, daring 
aax automatic reset for only those integrators so coded. Since G also goes 
off during automatic resets the C^ terms of G8 of the Address Unit will 
cause these resetting integrators to -.act as if they have no output f and s 
hence,, cause any previo.ua output that they might have had to disappear 
from the 2 lines „ See also Section lulu This, in effect erases the Z lines 
of all outputs from those and only those integrators being reset. 
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READ OUT UNIT 

7.1 Integrand Read Oat 

If the Read Out switch is set to either N (Normal) or R (Reversible) s integrands 
from, the T registers of those integrators so coded will be read out of the computer 
each tiaw the integrator coded for typewriter control overflows « If a reversible 
tape is to he prepared only one integrator should be coded to type out as only 
values for one integrators, I Q2S may be fed back into the computer during Rever~ 
sible Function Input Operation,, 

To facilitate integrand read out and to permit the arithmetic circuits to continue 
computing during read out s the values- to be read out are first loaded into the T 
channel in a serial manner and then read back to % decoding system that controls 
the -typewriter and the tape p u nch o Since the values of interest are now recirculating 
in the T channel* the rest of the c o mp ute r circuits may continue with the problem 
solution,, If the integrands are negative they are held in the computer as complex 
%*nt3„ Therefore 9 circuitry is also provided in the Read Out Unit to reeomple- 
ment these complements' so that true negative numbers may be typed out 

A read out cousmitator (Figure IX) is p ro v ide d to control the operating sequence of 
the typewriter* This is also used d ur i ng gross read out and gross read in as will 
be seen later 



7.1.3. J s T T and T R Flip Flops (013) v 

J, T T and T_ are three flip flops that indicate the state of the read out unito These 
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read out 

read out in process 
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read out process completion phase 

one read out process completion phase with standby for 

read out — — ■ 
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The transitions between these eight states are indicated foel@wg 
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extra • Read 
loading J out in 
cycle i process 



~\ No standby for 
— ^i — another read out (J ! ) 



Standby (J) 

for another read out 



Read out 
comp 
phase 



The normal cycle for read out may be 0-*-U-»2-*3-*l-»Oo Ihen this is the ease g each 
read out is completed before the next one is signaled by the computer and computation 
need not be halted,, 



All read outs are initiated by turning J on in gate 13„ This may be done manually 
during state S either by pressing the read out -start button which is located in the 
middle of the Read Out switch or by p r e s sing -foe selective integrator read out button 
which is located in the middle of the -most" -significant digit Integrator Selector 
switch,, Both of these switches make (P^true, -when operated^, starting a read out„ The 
output of an integrator coded for typeout control will also turn J ong this is accom- 
plished by the QMjjj Z a F^ term of G13„ M IXI is the typewriter control integrator- 
indicator and is derived^, in G13 of the Control Unit s from the address code pulses^, 
while Z represents the integrator's output* 

State k» therefore,, may be set anywhere during a machine cycle,, At the end of the 
machine cycle during which state h is set 9 state 2 is set by the J fl T^E c term 
which sets J off and T T on„ State 2 lasts until the end of the next machine eycle^ 
when state 3 is set (tg » T T E c ) T is later set off when the last information 
loaded in the T channel is read out (indicated by the t£ E T'term) Setting T T 
off at this time gives state l s which is changed to state when a completion signal 
is received from the read out commutator (o% » T™ T ) e 

During states 2 S 3$> or 1 $ J may also be set on again giving states 6 P y« or $ re- 
spectively,, T f of G12 indicates -the presence of any of these latter three states 
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5i3«* signals computation to stop (Fill Unit G13) until the read out in process is 
<?t -dieted. The chain of states , 2~^3-^L-^0 >9 will then be replaced by the chain 
6~ *?—*£->k s and at the end of the machine cycls when state h occurs in this chain s 
computation will be restarted (Fill Unit G12) and in® "stand hy® read out started,, 

The state of the read out may be set t® at any time by pressing the reset button 
which makes /tP\ true resetting J 9 T T and T R to the off state,. 



7.1.2 T K , T,, Tjj and T N Flip Flops (g£) 

T RJ Tt S %t and T N flip flops are used during loading to receive the Y digit codes 
in parallel from those integrators whose integrands are to be typed out (and then 
step these digits serially into the T channel through Gl 6 These flip flops are 
then used during the actual read out to -step the Y digits in the T channel to the 
left (shifted so they appear later in time) e This shift is brought about by effect- 
:.,-&:■-/ increasing the length of the T channel U pulse times (equivalent of one decimal 
ajxt) during the integrator that is being typed oy£ at the present* The integral 
in this integrator is shifted one decimal digit per commutator revolution,, After 
each shift thes-e four flip flops store "the -next output digit that is to be typed 
vntil it is typed,, after which they are cleared and made ready for the next shift,, 

Tw-5 under the control of T s is also used to complement negative integrands Gomple=> 
i&enting is done per integrator at the same time the first shift is made prior to 
type out «, 

7 d. 3 T Q and T w Flip Flops 

Tp and T are used during the read out process to synchronize the Y digit shifting 

and selection with the position of the read out commutator. These flip flops permit 

shifting to occur in only the first non-empty integrator of the T channel^, and the 

shifting in that integrator to be limited to a "one decimal digit shift 1 per commutator 

cycle*, 
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7.1.1* T p Flip Flop 

The Tp flip flop serves to control the loading of typeout integrands . During the 
read out process it serves to control the typeout of the sign digits of the inte- 
grands,, 

7.1.5 Tj and T c Flip Flops 

The T . and T flip flops control the complementing of negative integrands in the 
T channel during the read out process,, 

7.1.6 T Channel Loading ^ 

The T channel is loaded^ with the int egrands that are to be typed out., through Gl 

(Fig. II) and the^^X^ term of Gl6 of the Fill Unit (Figo VIII) „ The loading 

term of Gl is T~* (T+T. P +T F +E )? in other words^, loading is continually taking 
R if p 1 p 2 c 

place except when T R of G13 is true (Section 7.1.l) „ 

All integrators to be typed out automati cally are coded with a pulse in the X address 
channel in the P~g position. Thi s add re ss code is read by the T R ^ Pjg (?)* teTm of 
G3, which in turn sets the T flip flop -on -starting with the beginning of P- L of each 
integrator that is to have its - in Legr and -typed out. The/tjjterm is a signal from 
the Console signifying that the selective Integrator read-out button has not been 
pressed. T may also be turned on for -any rme -integrator by setting the Integrator 
Selector switches to the desired integ r ato r number and pressing the selective inte- 
grator read-out button (tWfJ^Ij.jTg P^g-term -of G3)„ With T p on and T R off, Gl 
ca-ases pulses to be recorded : ±n~the -T -channel -at P x and P g times for every integrator 
that is to be typed out. These pulses at 'P, -and P 2 cause spaces to be typed^ if a 
reversible function tape' is being made, as will be seen in Section 7ol 7? these spaces 
are necessary to permit automatic preparation of these reversible tapes (see ISpegfe. 
ation Manual Sections 2.9.2 and 2.9.3). Since reversible tapes do not contain any 
integrator number or integrand sign s four spaces or no action codes must be included 
on the tape between the carriage return codes and the most significant digit of the 
integrands,, This is necessary in order for the correspondence between the digits on 
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the tape and the various stepping switch signals to be the. same regardless of the 
typo of tape being filled. Besides the two spaces punched on the tape for the P x 
ax'd P ? pulses that were loaded into the T channel*, two no-action codes will also 
be punched as described in Section 7,l„7o One no-action code will be punched im° 
mediately following the punching of the carriage return after the integrand value 
has been read out^, and the second- no action code- will be punched at the start of 
the read out for the next value of -fcfag-jft m cl lon o Baring normal, read out the pulses 
recorded in T at ? 2 times initiate the setting up in G5 and the typeout of the signs 
of the integrands o 

With T on the T' TOE term of lw developed in G8 5 is used to gate the parallel 
p RP2f i 

I digit codes, exclusive of the round-off- digit , from the Rj^ R^ R 2 and %. flip 
flops of the Arithmetic Unit into the T £ , T^T^ and T flip flops „ The gating of 
tease I digits into T K , T, ®n& \ is brought about by the L f terms of G£ 2 but; the 
gating into T , the T channel record flip flop, is brought about by the L^ term 
of Gl in con^tmction with the T-,, term -of Gl6 of the Fill Unite The contents of 
ft- is also gated into T N by L f , but -fchis ±s Trot a useful part of loading for normal 
readout, being used only during Grossr Read Out as explained in Section 7«2 The 
round off digit, of Y is also gated by G8 if output function tapes are being gener- 
ated! this is designated in G8 b/?) 5 a switch signal from the Console true only 
wiien tne Read-Out switch is in the E position* The I digits are held in the R flip 
Vic-pa at times (see Figure Il)j hence, they are in T K <, T^ T^ and T q at 3 times 
7hv stepping gate, G7, now shifts thesis Y codes from T R to T L to T M to T N for "three 
successive pulse times, y C> h and 0^ h of G7 equals E q « £t ¥ « * T R « 2 »] o It is 
the 2 « term that causes the stepping just mentioned as 2 l; - 0^ * 0^ x 1<1 This 
stepping term is qualified by E' in order to block the stepping operation at P38I590 
If the stepping signal entered G5 at this time (E c time) it would interfere with 
the setting up of the carriage return code in T , T-^Tjj and T N at the end of typsou* 
(see Section 7.1.7) ; & This shifting is accomplished oy the six L g terms in 4$ 
arid the T 'T term of" Gl. The stepping of the contents of T M into T N is not a "useful 
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part of loading, but is necessary during typeout as explained in Section 7olo7o 
With the first shifting pulse (T "0-), T r is- set off so that the second shifting 
pulse sets T» off and the third sets ? K -off , and in this way clearing the three 
flip flops in preparation to receiving the next X digit code The least signif ill* 
cant binary digit of each-T code is loaded into the T channel by the lf&j_ term of 
Gl while the remaining three binary digits- of each X code are loaded serially by 
the Tr'T*. terra of Gl in conjunction with the above mentioned stepping process,, 

A pulse is recorded in the T channel at ^algo °y "the E f _ ° terra of GI This 
pulse is used to set up the carriage ■ return -code after all integrators have been 

typed out» This E pulse in T will p r ohibi t "fee correct typeout of integrator 59c 

c 

The extra loading cyclej, state 2 or 6 S is provided to account for the fact that 
loading is done from the read flip flops of the Arithmetic Unit instead of the 
record flip flops „ During this extra cycle the T channel is loaded with the arithme= 
tic results that were obtained during the iteration cycle in which the typeout com- 
mand originated,, Although continual loading occurs during state and also during 
state ks the information loaded during the one extra cycle is the information that 
is typed onto 

7.1,7 Typeout Sequence 

When T is turned on for the extra loading cycle it also excites a relay driver 

activating the JTl relay <, JK when closed energizes the release solenoid of the Read- 

Out Commutator (Fig„ IX) allowing the rotor to turn» The release solenoid is also 

in series with a push button and toggle switch combination that permits one cycling 

of the commutator if desired for test purposes,, The commutator,, when stopped^ rests 

on the <£segment, and due to the inherent delay in the operation of the relay and the 

release solenoid^ the rotor will not commence to move ( or If it does start will 

not move appreciably on the ^segment) until after the extra loading cycle is over 

and T (G13) has been turned on to start the actual read out process „ 
R 
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T-, is turned on by the following E c pulse after T T has been turned on„ It should 
be ncrbed that at this point T will be off due to T$ in GlU. T g off causes- Tg to 
ba low (Gil), %-will be on due to the E C T^ term of Glu T K? T L and % will be off 
since they are reset following the stepping of each T digit code as- explained in 
the section on T Channel Loading (7.1*6). T^ will.be true having been set by the 
*_S 'E term of G5. It is seen that at this time the T~ 9 T? Ls T M and T N flip flops 
hold the no-action code s 1. Also, as soon as T R went true,, and loading stopped^ 
the information that had been loaded into the T channel during the last, cycle will 
begin tc recirculate due to the Tr% t term of Ql. 

When the commutator's rotor reaches the ^ segments , ground will be applied to the 
coil of the \re2ay } activating it (Fig. DC). The contacts of this relay develop 
two signals (71) and (X) • With the commutator on the P\ segment,, (^) „ therefore, 
becomes true turning T on and T c (G6) off. 

When the commutator reaches thefsegment, the V relay will be activated, signaling 
tne typewriter to type the character corresponding to the code in T K? T E? T M and T N „ 
The f relay gates a ground signal, ( Gj * G Q ) , through its contacts 9 that is to be 
applied to the relay decoding matrix as an activate signal for the typewriter (See 
Fi<?„ JDC-b). (~Wi ~*~~qT\ is a Console signal formed by inter-connecting the Read-In 
rs\A the Read-Out switches in such a way that the signal is true (line grounded) 
if trie Read-In switch is in any position except G (Gross),, or if the Read-Out switch 
is in the G (Gross) position? if the Read-In switch in on G and the Read-Out switch 
is not on G then this signal is false (line floating). As the computer is used,, 
(Wl 7g^ is true for all operations except Gross Read~In„ This T signal is applied,, 
through the decoding matrix formed with the contacts of the five^o relays,, to the 
solenoids controlling the typewriter. Furthermore^ each typewriter solenoid signal 
is passed through an isolation rectifier and a rectifier coding matrix,, to the four 
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solenoids controlling the selector armatures of the tape punch (Figo IX=>b) The 
/^relays are activated by drivers controlled by the T K? Tj^ Tms> &nd T N flip flops 
during readouts, with T g activating two relays /? la and^\^ in order to provide 
sufficient contacts for the decoding matrix,, Daring problem filling the m relay 
is activated by the ^ relay acting through the Read-In switch| this switches 
the control of the>d>relays to the fingers of the tape reader (in this situation 
the typewriter activate signal is supplied by Sy instead of^) The p. relay P 
shown next to the ^relays in Fig„ IX=b, is used only during Gross Read Outj its 
function will be explained later. As shown above, the first code the typewriter 
and punch will receive at the start of a read out will be the no-action code 
lj this code is now punched if a reversible function tape is being prepared,, 
but the typewriter does not operate with this signalo 

After passing over two more unused segments, the timer B s rotor next comes to the 

6 segment and excites the <S relay s causing the(6)signal to become true*. Since T 
went on withQ), Tf of Gil now becomes high, clearing T^ T 9 T M and T N and setting 



T w off at the end of the first E pulse (GU). The^ signal of Gate U signifies that 
a Gross operation is not going on« T is then set off again at the next clock pulse 
(at a P, time) by the T w » term of Glli| consequently^ Tr of Gil again goes false at 
the start of the iteration cycle following the one during which it became true 
With T off the recirculation term of Gl is changed from T R T W T to T ¥ C T NS however 9 
there is no information in the T channel to be effected by this change until P 1 time 
of the first integrator to be typed out As this first pulse in the T channel is 
read, the P-jT term of Gl* again turns TL. on and the normal recirculation term of Gl 
again is effective,, Since Ty does not actually come on until the end of P-^ the 
T R T«T term of Gl does not become effective until P« timej and since by P 1 time Gate 
5, and, hence, T K still has not received any information from the T channels, the P^ 
pulse in the T channel for the first typeout integrator will be lost from the channel 
and no longer recirculated. This first pulse, P-^ in the T line will not be read by 
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I 
Ci> as the pickup term iiifchis gate, T W *T »T, is qualified byP 3 ^38« Heneej, at 



.f!!i 



oims 1' , T T , T„ and T are all false* i.e. they are holding a space code ^"V-Aa-, 



for the next typeout. 

If T was on, this P, pulse for the first typeout integrator will also set T c on, 

<*v* to the T 'T'T^T term of G6: then T T will be reset to off two pulse times later 
-.- w c I J- 

by the T c term of G2» T,. is now ready to read the sign of the first integrand,. 
The commutator now on its second cycle will again set T c off and T g on at the A 
segment^, 

At the X segment the code in T R , T p T M and T N causes a space to be typed„ 
Tc will become high again at the 6 segment j ? w will be set off again at the end 
of the first machine cycle after which T g will again be set off The first pulse 
to be found in the T channel at this time will be at ? 2 of the first typeout inte- 
S-ator. Like the P pulse it will not be recirculated but will set Ty on again* 
kl-i at this time the V P 2 T term of G3 will set T p on from ? 3 through P 37 time<, 
At P37 the most significant digit of the Y sign digit code for the first typeout 
integrator will be in the T^ flip flop (see Fill Unit) If the sign of Y is nega- 
tive, indicated by P T being true, and if T p is on indicating the second comma- 
tator cycle since the start of the typeout of this integrator, then T-,- and T M will 
be set on (G2 and G£)„ % remains off as the T pulse at P g is blocked in G^ by the 
qualification. If the sign is positive, Tj and T M will be left in the false 



?,/. 



J/38 
state. The typeout code in T v , T_, T and T N becomes, therefore, 1 for typing 

"_~ __ . „ A Lt„— -J* - " --.. _.. „.,, , --'._—_. ,. 

"-" when Y is negative or for typing "space" when Y is positive,, With the ^ 
sign code set in T v , T_, T M and T , the commutator wil l complete a nother cycle, the 
third, to type the sign, Tj will remain on for negative Y«s to indicate that Y 
must be complemented unless(T)Ls true, in which case negative Y«s will be tabulated 
as complements, ©is true only for auto preparation of reversible tapes and negative 
integrands are to appear on these tapes as complements (see Operation Manual 2 9 2)« 
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T of G6 does not become true at this time since T w ' went false before Tj became 
c 

true* 

When the & segment is reached the flip flops of Gate S s T KS Tjj T M and T H , will 

again be cleared and T^ will be set off by the first E pulse that follows, L g 

of G7 now becomes time as its controlling term during typeout is E^T^o With 

T„ of f recirculation in the T channel will start with a four flip flop delay 
W 

(~— >T V — *-T T — »-T- — >T»— *F -, see the T "I ' terms and the shifting^ Lg 9 terms of 
K L M " o W c 

,G5) with the T ¥ "T N term of Gl rather than the ^^ term becoming the controlling 
factor for recirculation,, Since the P and P 2 pulses in the first typeout inte- 
grator hare previously been lost, all of the digits of this integrator will be 
subjected to this four pulse time delay as T„ will not be turned on until P^g (GU) 
If the integrator is being typed out at least one of the four signals T s T Ks T L and 

T must be present at P., « (T is also included in this gate as during complemen- 
H. 3o c 

tation of negative integrands the digits held in T K , T L and T M will have been comple- 
mented while the digit held at this time in T will not have yet been through the 
complementing gatej and, hence, as will be seen in the following paragraphs, it would 
be possible for T, T K , T L and T M aO.1 to be low. Specifically the ease s where all 
four of these flip flops would be low at P during the complementation cycle of a 
negative integrand, would be where there is a 1 1 1 code following at least one 
non-zero lower significant digit). This delay shifts the integrand of this inte* 
grater four pulses, or one decimal code group, to the left as viewed on the computers 
oscilloscope* A shift to the left corresponds to a shift to a later time such as a 
pulse in P 3 » shifting to P 3 g. At the following ^ the digits that were in pulse po- 
sitions P £, P^, P 3? , P 38 of T are now in T N , T^ f ? L and T R respectively, and T^ 
has been turned off ending the shifting process and again recirculating the remain- 
ing T channel information through the T R T W T term of Gl„ The four binary digits that 
are now in T v * T TS T and T„ are permanently lost from the T line| and all remaining 

a- L H N 

digits, in the T line, of the integrator being typed out at present have now been 
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Jhifted to higher pulse positions. Consequently the digit of the next highest 
rank to that one just typed is now in the position in the T line to be typed 
out next, using the same procedure as outlined above 

If T is on, indicating a negative integrand, while this shifting is taking 
place, the complement of Y is entered into the T™. flip flop by the Tv£T terms of 
G$ and stepped into TV, T M , T„ and T in the same manner as previously described. 
The sign of the integrand will be typed as the couirmtator reaches their segment 
during the third cycle On the % segment of this cycle T™ and T will again be 

o 

turned off. Now that HU is off and Ty is on (see above description of the 2nd 
commutator eyele) T of G6 will be turned on by the first pulse in the T channel* 
Since Ty goes off with an E pulse, this hunting for the first pulse in the T 
channel will always start at the beginning of an iteration cycle* Since the Br 
xnti Fj? pulses of the first typeout integrator have already been Iost s the first 
pulse in T will be the least significant non-zero binary digit for the least 
significant decimal digit of the integrand of the integrator that is to be typed 
out first. This first T pulse will also be read into T at this time by the 
T-CT^T term of G5j however, since T now becomes true all following ones (unless 
the least significant decimal digit is zero, 0011) will be changed to zeros 
and all zeros to ones by the T terms of GE>» This seemingly delay in starting 
ths complementing process, until after the first non-zero binary digit in the T 
channel, effectively adds the extra one to the "nines" complement of the decimal 
integrand that is required to obtain the "tens" or true complement. If the 
least significant Y digits are zero (0011) they must be again copied in the T 
channel unchanged, or in another form that also represents zero, even during 
complementing? and the inverting of all the remaining binary digits should not 
commence until after the first non-zero binary digit of the first non-zero decimal 
code group. For example, if Y is 11G0« 1011 1001 1010 0110 (Y» -0,1327)* the 



-92- 

complementing gates will give 0011.0100 OHO 0101 1010. As another example, if 
* is 1100. 10EL 1010 0011 0011 (I- -0.1300), the complementing gates will give 
0011. 0100 011& 1101 1101. The code, 116% corresponds to "10" but the decoding 
matrix of Fig. EC-b (-? relays) will decode it as s|| n w for typeout provided the 
/u relay is not activated (/u is only closed in Gross Read Out). T c will be set 
off again by the term, 1 T I H l, T K T J| , at the end of the first Y digit code if this code 
represents a sero. t't^Tm represent zero at this time since the least significant 
binary digit which is * one will be in T&? the content of T^ (holding the 2nd 
digit) is unimportant as there will be no 0001 codes in the T linej % will be 
high as the third digit from the T line has been inverted from to 1 by the start 
of the complementing process* and the most Significant digit will be in T as a 
aero, not having yet reached the complementing gate. T c will now be off at 2 
times, hence, Tj will remain on. When T c is left on, following the first non-zero 
T digit, Tj is set off by the 2 T C term in G2, causing T c to remain on for the 
remainder of the integrand. In this way T^ serves to direct the inversion of the 
code bits as they are entered into the % flip flop from the T flip flop. 

At the end of the first typeout integrator, T w will be set on again by the P 38 (T+T K * 
T-.+T^T ) term in Glu At this time, the units digit of the first typeout inte- 
grator will be shifted into the T R , T^, T M and l^flip flops. The code held in these 
flip flops for the typewriter will be 0011 or 0100 for typing n w or "1" respectively. 
If the integrand was complemented, T q will be set off when the commutator reaches 
the/\ segment (G6). The typeout of the units digit will be made at the 7"segment. 

The shM**Q« of the integrand to the left and the typing of each digit as. it ±m 
shifted out of the left end of the integrator will proceed with each cycle of the 
commutator until the first typeout integrand is completely shifted out of the inte- 
grator. The Fj,T and P g T pulses in the next typeout' integrator cause a space and the 
next sign to be typed. The second typeout is then complemented if negative and 
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sbifted out in the same manner as the first. 

"tfhfcn all the typeout integrands have been processed in this manner and T is 

set off in the cS segment, T w will stay false for one complete machine cycle and 

then be set true by B c T tf f. T he pulse recorded at E c time in the T channel during 

the loading operation will not be recirculated any longer by Gate 1 (the T channel 

will now be completely cleared) but will cause the TIE T terms in G$ at this time 

to set T, and T on and the T »T 'T Bl, . D term to set T on, This output cod® of 
L M ¥ c 3/38 £ 

1110 in T- ;■ T T , T w and T will be typed as a carriage return (CR) at the next 

Kir? L K jj 

t segment. The next time T^ sets T off it will again remain false for one ma- 
chine cycle until it is again turned on by the E T « term. The T^T term in G$ 

will set T on at this time, making the output cc&e 0001 for punching another 
N '*-• 

no-action code (NA). Also the T 'E T» term in G13 sets T T off, de-energizing the 

ccssKutator release solenoid and stopping the commutator approximately one cycle 

Isier. If a function tape is being made the no-action code is punched at the If 

segment of this last commutator cycle. When the commutator reaches the ^ segment 

for the last time in a typeout operation, the Tij,»T^ term in Gl3 sets T R off and 

the T ' term in Qlh sets T off. The read out unit is now ready for another loading 

R g 

of the T channel, which begins immediately, and the corresponding read out„ 

The output codes, held for typeout in T R , T L ,T M and T , are translated by the^o 
relay "tree* to operate the typewriter, as shown in Fig. IX=b and indicated in the 
following table. (See next page). 



-*- 



TLMB Typewriter Character 

s P ace 

1 C^A) no action 

(not typed) 

1 — 

11 

10 1 

10 1 2 

110 3 

111 k 



10 
10 1 



10 11 



5 

6 



10 10 7 



8 



110 9 

110 1 o 

1 i 1 (CR) carriage return 

The -period code, 1111, is not obtained in the Read Out Operation,, 



?»2 Gross Read Out 

flaws' Be** «ct is a Method of reading out the entire contents of the machine onto 

a paper tape so that all of the information may be re-inserted back into the computer 

at some later time. This is accomplished in two steps which may be taken in either 

order; reading out all of the arithmetic information together and reading out all 

of the address information together. Read out information is filled into the 

Tr T T and T flip flops at the X segment of the read out commutator,, After 

Rs L* H N 
the correct selective armature solenoids of the tape punch have been energized by 

these signals through corresponding relay drivers and the^ relays, an activate 
signal derived from the f segment by means of the ^ relay energises the main sole- 
noid in the punch causing it to operate. The 6 segment of the timer then clears 
these output flip flops preparing them to receive the next information that is to 
be punched on the tape. 

To initiate a Gross Read Out, the operator must set the Read Out switch to G s the 
Head It. switch to any other position but 0, and the Fiil~Idle-Run switch to Fill. 
This makes(G)(Gross) high, © (Not Gross) low, <g)(Gross In) low F {Q (Not Gross Out) 
low, and®(Fill, manual) high. T he DISPLAY switch is set to either the ad*s»ss side, 
making^high, or to the arithmetic side, making VS^high, depending upon which type 
of information is to be read out at this time. A marker pulse is then recorded in 
the T channel at P time of the first integrator to be read out. In a Gross operation, 
©true, this marker pulse automatically goes in at ? ± time of S^wien the MARKER button 
is pressed (see Gl6, Fi go VIII) j this corresponds to the^ position of the scope dis= 
play at this setting. This pulse in the T channel constitutes the starting point for 
a gross read out of information j it will step to the next higher pulse time for each 
commutator revolution, and in this way it serves as an indicator of the magnetic drum 
position that is to supply the next bit of information that is to be read onto 



Next the INTEGRATOR SELECTOR switch is set to the number corresponding to the 
last integrator to be read outs after the marker pulse has advanced to P „ time 
of this integrator the read out process will automatically stop e 

After all of the above preparations have been made, the read out process is finally 

started by pressing the Read Out Start button (located in the center of the Read 

Out switch) | this makes (F)high which in turn sets J on 4313) as in the typeout scheme 

previously described in Section 7.1.1. At the first E c , T T will be set onj and, at 

the next E , T_, will be set on. When T_ is set on the same E pulse sets T N on so 
c* R R c « . 

that T , T LS T M and T„ will be set to OOCOL, Jiyst as in typeout The commutator, 



which was released when T„ was set on, moves from the & segment to the ^segment at 

which time the gate in G9, L. *(<*) T al(/iV becomes true at P,g time of the integrator 

preceding the information to be read out (the marker pulse is in T at P^ time and a 

hence, in T _ at P„ time of the previous integrator) „ 
al 30 

11 (£%\is high during the read out, the ones, that might be in the Y^ s Jy, X, and I 
address channels at the P,g time preceding the read out information, are set into 
the T K , T L , T and T s flip flops respectively by the/SJ\L h terms of G5„ If^S^is 
high during 'the read out,, the L^ pulses are gated into L £ (G8) and are then used to 
gate the ones in the R, , R , R g and R 1 flip flops into the T K , T L , T^and T N flip flops 
respectively (L f terms of G£). Since no information is ever held in the arithmetic 

channels at P time, no "ones" will be gated into T £ , T^ T M and T N during the first 

38 
commutator revolution at the start of the read out process „ Consequently, if arithme- 
tic information is being read out, the first code that is punched on the tape is the 
no-action code 1 corresponding to the one set into T N by the "kjTj^E^ term of G5 
as explained above. If address information is being read out a no-action code will 
also be the first code punched if there is no. information in the address channels at 

P of the integrator that immediately precedes the first one being read out§ however, 
38 



if there is information in T g , J ± and/or X at this ¥^ time " wil1 be transf erred 
into the T T and T M flip flops and punched out, as well as the one held in T NS 
as part of the first code Whatever this first cod® turns out to be, this is the 
place where the tape must be entered into the reader for a Gross Read In. ■ As in 
vae normal typeout scheme (Section 7.1*7), * g will be set ©n in the ^segment of 
the commutator. Then at the t segment the extraneous cod« neld in T r T^ T^ and 
T will be punched in the tape. However, during the & segment , T y wi,ll not be set 
off,, as in normal typeout, due to the@term in GUj this disables most of the type- 
out process previously described. Since T y remains on,T g remains on causing T^ (Gil) 
and, hence, M (010) to be true for the entire@time„ M g is sent to the Fill Unit 
where it signals the marker pulse to move to the next highest pulse position (one 
pulse position to the left as viewed on the computer's oscilloscope) . The marker is 
shifted in a similar manner to that described in Section 6„2 for Manual Fill. M g 
f.'om 310 causes M x (G12 Fi go VIII) to go high, and M x in turn triggers on Q 1 (013, 
,, .us, VIII) . During Gross Head Out, however, G^^ is turned off by the@term. G 2 
operates in the same manner as always; and the two of them, G ± and Q 2 , perform their 
usual functions in Gl6 of Fig. VIII, with M g rather than^ controlling the shift to 
the left, however„ T c also clears the T K , T L , T M and T^ flip flops (05) preparing 
them to receive the next bit of information to be read out Q 

On the second passage of the commutator through the > segment, 1^ will be high at 
the first pulse time of the first integrator to be read out, since the T pulse has 
shifted one pulse position to the left. Depending ©r^or(g)being high, the ad- 
dress or arithmetic information at this pulse time will be set into T K , T L , T M and 
T (there will be no ones in the arithmetic channels at ? x time, see Fig. II) „ This 
information will then be punched at the % segment, then the marker shifted to the 
left and the output flip flops cleared again at the ^ segment, then the proper infor- 
mation in the next pulse time (P 2 ) will be set into the output flip flops at the 



^segment, etc. The continuation of this process is straight forward until the 
marker appears in the T^ flip flop at F time withg^high. The R^ Ry R 2 and 
R. flip flops will always be false at this pulse time, consequently^ this time may- 
be used to read out Z line information. The most recent d2 output of the integrator 
being read out can be read in 2 together with Z^ at ? 31 and then punched on the 
tape at the corresponding position. When the marker is found in the T^ flip flop 
at the X segment, 1^ (G?) and, hence, 1^ (Gl5) become true. The P^ % terms of 
G$ then gate the contents of Z a and Z into T T and T K respectively s and this latest 
dZ output is then punched on the tape at the next *£ segment • Z & and Z as are the 
delay flip flops which hold the most recent dZ output of a given integrator at P^ 
time' of "the same integrator (see Output Unit discussion in Section U). When this 
process reaches the point where the information in P^ of the last integrator to 
be read out is set into T K , T L , T M and T N , the T T flip flop is set off by the P 38 SrI» h 
term in 013. The commutator, controlled by T T , then completes its cycle be- 
fore it stops and punches this final code. T R is set off when the & segment is 

reached. The T ' in Gli* then sets T off, and the gross read out operation is terrain- 
R g 

ated. 

7.3 Gross Read In 



Gross Read In is a method of re-inserting into the computer a problem that has pre- 
viously been punched on a paper tape during a Gross Read Onto Consequently, gross 
fill includes most of the operations of gross read out and uses the same commutator 
to control the operation. 

To initiate a Gross Read In, the operator must set the Read In switch to the G po- 
sition, the Read Out switch to any position but G, and the Fill-Idle-Run switch to 
Fill. This makes@(Gross) high,© (Not Gross) low, Q (Gross In) high, (g) (Not 
Gross Out) high, and@(Fill, manual) high. The DISPLAY switch is set to either an 
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Address position ^f\rue) or an Arithmetic position fi^true) depending on which 
3 sot ion is to be filled from the tape at the present time. The tape is set in the 
reader on the extraneous code that was the first character punched in the Gross Read 
Out operation. The integrators that are to be used should be cleared^, and then a 
marker pulse is inserted at P., of the first integrator that is to be filled (this 
marker pulse will be in the T flip flop at Pj). As previously explained the marker 
pulse automatically goes into the T channel at F^^ time of the selected integrator 
when the MARKER key is pressed with©and@both true* The first integrator that 
is to be filled need not necessarily be the same integrator that initiated the read 
out process as a relative shift of all integrators will not necessarily affect the 
computation process (see Operation Manual Section 2.12). Next, the Integrator Se- 
lector switches are set to the last integrator to be filled, and the read in process 
is started by pressing the Read Out Button , making((P)high« 

Activating the Read Out switch turns J, T T and T R of 013 on and releases the rotor 
of the 'read out commutator as discussed in the section on Gross Read Out e T g is 
turned on at the A segment. A ground signal,^, is sent from the V segment through 
the Read In switch (only if this switch is set on G) to the stepping solenoid of the 
tape reader. The tape reader will advance, therefore, at the V segment during gross 
read in 5 but the tape punch is turned off so that it will not be operated by If as 
it was in the case of gross read out. 

On the first passage of the commutator through theT segment the reader will be signal^ 
ed to advance from the extraneous code to the P 1 information that is to be filled. The 
tape information will be read by theOCrelays, operated by the tape reader fingers, in 
the same manner as for automatic fill. At the 6 segment the ? ± information from the 
' reader will be filled into the address or arithmetic channels, depending upon whether 
/TW^is true. Also at c£the marker pulse in the T channel will be shifted to the 
left as M of 010 will be true (see Gross Read Out Section 7o2 for discussion of how 
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the marker shifts during a gross operation). 

If/lfNis high, the gate F ■/^Y^)^' 1 G l in G ? sets tke information from the reader 
into the address channels? this is accomplished by the F terms of G20 in Fig. VIII, 
Fill Unit. This filling into the address channels of the information held by thecC 
relays is accomplished during the ^segment before the marker is shifted,, as the marker 
Shift depends upon both G and G being true while F depends only on G . 

l£(1T\xs high, the /C^^fcerm makes F^ high (G7 Control Unit)? i.e. F is always high 
during Gross Read In if the DISPLAY switch is set to an arithmetic position,, The in- 
formation from the tape will be read into the four arithmetic channels in parallel 
through the F signals of Gl$ of the Fill Unit? ^ will always be off during gross fill 
making A high and the effective term of this gate. As in all fill operations the F 
information is filled into the arithmetic channels through G6 of Fig. III. Also as in 
all fill operations, the information held by the F's will be timed into the arithmetic 
channels by F Q which is now being controlled lythe T^ £r^y ± termof G10 of the Fill 

•Unit. Since T receives its information one pulse time earlier than does T s F q and 
al 

T will contain the same information at the same time during this fill process^ hence, 
information will be placed into the arithmetic channels during each commutator revol- 
ution at the pulse time corresponding to the present position of the marker pulse. The 
marker pulse will be shifted in the T line during the following pulse time after the 
recording of the present tape code in the arithmetic channels, as the marker is delayed 

by the S flip flop during a shift to the left (see Fig. VIII). 
A 

When the marker is in the T flip flop at P „ time, and (g) is high, the reader will be 
on the dZ output information of the integrator presently being filled. The F s and F e 
signals developed in G10 are used in G3 of the Output Unit, Figure V, to insert the 
dZ output from the tape into the output recirculation logic. T &2 is used in the F g 
and F gates as the marker pulse will occur there two pulse times prior to being in 
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the T flip flop, or at P time (see Fill Unit). Since ?^ is the time new outputs 
ti*e entered into G3 of the Output Unit to be recorded on the 2 lines during eompu= 
tation, this is the correct time to fill in the outputs that were obtained during 
a gross read out? an output from the tape, therefore , will be interpreted by the 
Z line logic as a new output from the integrator that corresponds to the present pcsi«* 
£icn of the marker pulse in the T channel. Once recorded on the Z lines the in- 
formation will be retained in the lines in the same manner as during idle (see Section 
h»k)o The dZ information is filled before the shifting of the marker as both F g and 

F are qualified by G and not also by G ? , while, as noted previously a the marker 
e - 1 - 

shifting depends upon both G and G g being true. This dZ information will also be 
recorded as extraneous information in the arithmetic channels^, R^ and R^ 9 at Tyj time^ 
in the same manner as all of the previous arithmetic information was filled. This 
axtraneous information will remain unchanged in the R register as computation is re- 
stricted to P- /-,/- time during every integrator by Go of the Arithmetic Unito Hence s 
2/3o 

this extra information in the R register will not interfere with computation! how- 
ever, it must be removed manually, in the event a second gross read out is required;, 
in order to again punch out the correct dZ output information 

The marker will proceed to advance from pulse position to pulse position and from 
integrator to integrator, determining the correct position to enter the new infor- 
mation from the reader into the computer's memory system in the manner outlined above, 
. until! this marker pulse reaches the position corresponding to the P^g position of the 
ir.t,-srator selected on the Integrator Selector switches „ At this point the P38 s <j> I n 
term of G13 will turn T off terminating the gross read in process in the same manner 
as gross read out was terminated (Section 7.2). With the appropriate Console switch 
settings, the computer will be ready to compute, carrying on the computation from the 
point in the problem where the gross read out was eff ectedo 
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FI0TTER UNIT 



8,1 Plotter Unit Operation 

The Plotter Unit, Figure X, serves as a means of selecting specific integrator 
outputs, and transmitting these outputs at an appropriate impedance level to ex- 
ternal equipment such as graph plotters, graph followers or a D-12 Coupler „ Gate 
1 develops four signals for each plotter, one each to signal the plotter to move 
in the +X, -X, +Y and -I directions. P^ and P^ are signals true during Pg^ of 
I . and I respectively (see Gl6 of Control Unit). During 1^' Z & and Z^ hold the 
latest output of I ± _ 1 while Z b and J^ hold the latest output of I ± „^ Consequently , 

the Ax expressions of Gl select the outputs of I to transmit to a graph plotter 
1 5o 

while them's select the outputs of 1^ , them's select the outputs of I Q1$ and 
the £X »s select the outputs of I . 

The gates of G2 are similar to those of Gl but are developed for use with a D-12 
Coupler and their operation is included in the discussion on the Coupler. The gates 
of G2 may be simply altered to conform with those of Gl if the user requires more 
than two graph plotters j four additional plotters may be operated in this manner. 



